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ACRONYMS
ANSI American National Standards Institute

dB decibels

dBA A-weighted decibels

EPA United States Environmental Protection Agency

FHWA Federal Highway Administration

FTA Federal Transit Administration

Hz hertz (cycles per second)

ISO International Organization for Standardization

Ldn day/night sound level

Leq equivalent sound level

Lmax maximum sound level

Lmin minimum sound level

OSHA Occupational Safety and Health Administration

Pa Pascal

PPV peak particle velocity

rms root mean square

SMC Seattle Municipal Code

SR State Route

TNM Traffic Noise Model

VdB vibration decibels

WAC Washington Administrative Code
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Chapter 1 SUMMARY
TheɯStateɯRouteɯ(SR)ɯ99ɯAlaskanɯWayɯViaductɯandɯSeawallɯReplacementɯ
ProjectɯisɯlocatedɯwithinɯtheɯurbanɯcoreɯofɯSeattle.ɯɯEnvironmentalɯnoiseɯlevelsɯ
fromɯbothɯtransportationɯandɯotherɯsourcesɯareɯtypicalɯofɯanɯurbanɯ
environment,ɯandɯthereɯisɯaɯhighɯdensityɯofɯnoiseɪsensitiveɯreceptorsɯinɯtheɯ
projectɯvicinity.ɯɯFiveɯBuildɯAlternativesɯandɯseveralɯoptionsɯforɯreplacementɯ
ofɯtheɯviaductɯandɯseawallɯwereɯevaluated.ɯ

Analysisɯofɯnoiseɯimpactsɯinɯtheɯstudyɯareaɯcomparesɯpredictedɯfutureɯnoiseɯ
levelsɯwithɯexistingɯlevelsɯandɯapplicableɯcriteria.ɯɯConstructionɯnoiseɯimpactsɯ
areɯdescribedɯbasedɯonɯanticipatedɯconstructionɯactivitiesɯandɯtypicalɯnoiseɯ
levelsɯforɯconstructionɯequipment.ɯɯTrafficɯnoiseɯlevelsɯareɯpredictedɯatɯspecificɯ
noiseɪsensitiveɯlocationsɯ(receptors)ɯusingɯtheɯFederalɯHighwayɯ
Administrationɯ(FHWA)ɯTrafficɯNoiseɯModelɯ(TNM).ɯɯMitigationɯmeasuresɯ
thatɯmayɯbeɯtakenɯtoɯavoidɯorɯreduceɯpotentialɯnoiseɯimpactsɯareɯdiscussedɯ
whereɯappropriate.ɯ

Environmentalɯnoiseɯisɯcomposedɯofɯmanyɯfrequencies,ɯeachɯoccurringɯ
simultaneouslyɯatɯitsɯownɯsoundɯpressureɯlevel.ɯɯAɯcommonɯdescriptorɯforɯ
environmentalɯnoiseɯisɯtheɯequivalentɯsoundɯlevelɯ(Leq),ɯaɯsoundɪenergyɯ
averageɯreportedɯinɯAɪweightedɯdecibelsɯ(dBA)ɯtoɯaccountɯforɯhowɯtheɯhumanɯ
earɯrespondsɯtoɯsoundɯfrequencies.ɯɯToɯtheɯhumanɯear,ɯaɯ5ɯdBAɯchangeɯinɯ
noiseɯisɯreadilyɯnoticeable.ɯɯAɯ10ɯdBAɯdecreaseɯwouldɯsoundɯlikeɯtheɯnoiseɯ
levelɯhasɯbeenɯcutɯinɯhalf.ɯ

Trafficɯnoiseɯimpactsɯoccurɯwhenɯtrafficɯnoiseɯlevelsɯapproachɯorɯexceedɯtheɯ
FHWAɯnoiseɯabatementɯcriteriaɯorɯsubstantiallyɯincreaseɯcomparedɯtoɯexistingɯ
levels.ɯɯNoiseɯfromɯotherɯsources,ɯincludingɯconstructionɯequipment,ɯisɯ
regulatedɯbyɯCityɯofɯSeattleɯpropertyɪlineɯnoiseɯlimits.ɯ

Toɯevaluateɯtrafficɯnoiseɯimpacts,ɯ48ɯsites,ɯrepresentingɯapproximatelyɯ4,600ɯ
residentialɯunitsɯandɯotherɯnoiseɪsensitiveɯuses,ɯwereɯmodeledɯusingɯTNM.ɯɯ
Trafficɯnoiseɯlevelsɯatɯ43ɯofɯtheɯ48ɯmodeledɯsitesɯcurrentlyɯapproachɯorɯexceedɯ
theɯFHWAɯnoiseɯabatementɯcriteria.ɯɯTheɯnumberɯofɯsensitiveɯreceptorsɯthatɯ
wouldɯbeɯaffectedɯbyɯnoiseɯunderɯeachɯofɯtheɯalternativesɯisɯsummarizedɯinɯ
Exhibitɯ1ɪ1.ɯɯMitigationɯmeasuresɯwereɯevaluatedɯtoɯlimitɯnoiseɯandɯvibrationɯ
impactsɯfromɯbothɯconstructionɯandɯlongɪtermɯoperation.ɯ

Expectedɯ2030ɯpeakɯtrafficɯnoiseɯlevelsɯinɯtheɯcentralɯwaterfrontɯareaɯwouldɯbeɯ
noticeablyɯlowerɯforɯtheɯTunnelɯandɯBypassɯTunnelɯAlternatives.ɯɯForɯ
example,ɯatɯtheɯColmanɯDock,ɯtheɯ2030ɯbaseline,ɯRebuild,ɯAerial,ɯandɯSurfaceɯ
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Alternativesɯwouldɯbeɯ74ɯtoɯ75ɯdBA,ɯwhileɯtheɯTunnelɯandɯBypassɯTunnelɯ
Alternativeɯnoiseɯlevelsɯwouldɯbeɯ63ɯtoɯ65ɯdBA.ɯɯɯ

Theɯ2030ɯpeakɯtrafficɯnoiseɯlevelsɯatɯWaterfrontɯParkɯandɯtheɯSeattleɯAquariumɯ
areɯ70ɯtoɯ71ɯdBAɯandɯ73ɯtoɯ74ɯdBA,ɯrespectively,ɯforɯtheɯ2030ɯNoɯBuild,ɯ
Rebuild,ɯandɯAerialɯAlternatives.ɯɯAtɯtheseɯsameɯlocations,ɯtheɯSurfaceɯ
Alternativeɯwouldɯlowerɯnoiseɯlevelsɯbyɯapproximatelyɯ3ɯdBA,ɯandɯtheɯnoiseɯ
levelɯwouldɯdropɯnoticeablyɯbyɯ9ɯtoɯ10ɯdBAɯforɯtheɯTunnelɯandɯBypassɯTunnelɯ
Alternatives.ɯɯɯ

AtɯtheɯHarborɯSteps,ɯtheɯTunnelɯandɯBypassɯTunnelɯAlternativesɯwouldɯlowerɯ
noiseɯlevelsɯbyɯaboutɯ5ɯdBAɯcomparedɯtoɯtheɯ2030ɯNoɯBuild,ɯRebuild,ɯAerial,ɯ
andɯSurfaceɯAlternatives.ɯɯAllɯofɯtheɯalternativesɯmayɯcauseɯnoiseɯlevelsɯatɯ
VictorɯSteinbrueckɯParkɯtoɯfluctuateɯbyɯ1ɯdBAɯfromɯtheɯ2030ɯNoɯBuild,ɯbutɯthisɯ
changeɯwouldɯnotɯbeɯnoticeableɯtoɯpeople.ɯɯOverall,ɯtheɯTunnelɯandɯBypassɯ
TunnelɯAlternativesɯwouldɯreduceɯnoiseɯlevelsɯalongɯtheɯcentralɯwaterfrontɯ
area,ɯwhichɯwouldɯmakeɯtheɯareaɯmoreɯpleasantɯforɯpedestrians,ɯresidents,ɯ
andɯnearbyɯbusinessesɯcomparedɯtoɯtheɯotherɯalternatives.ɯ

Vibrationɯisɯanɯoscillatoryɯmotion,ɯwhichɯcanɯbeɯdescribedɯinɯtermsɯofɯtheɯ
displacement,ɯvelocity,ɯorɯacceleration.ɯɯVibrationɯimpactsɯrelateɯtoɯannoyanceɯ
andɯtheɯpotentialɯforɯstructuralɯdamage.ɯɯNoɯannoyanceɯimpactsɯwouldɯoccurɯ
insideɯbuildingsɯduringɯoperation.ɯɯDuringɯviaductɯdemolition,ɯbuildingsɯ
closerɯthanɯ100ɯfeetɯwouldɯexceedɯtheɯdamageɯriskɯcriteriaɯforɯextremelyɯ
fragileɯbuildings.ɯɯTheɯcriteriaɯforɯnewerɯbuildingsɯwouldɯnotɯbeɯexceededɯatɯ
25ɯfeet.ɯɯForɯpileɯdriving,ɯbuildingsɯcloserɯthanɯ400ɯfeetɯwouldɯexceedɯtheɯ
damageɯriskɯcriteriaɯforɯextremelyɯfragileɯbuildings,ɯwhileɯatɯ50ɯfeetɯtheyɯ
wouldɯnotɯexceedɯtheɯcriteriaɯforɯnewerɯbuildings.ɯ

Underɯallɯofɯtheɯalternatives,ɯnoiseɯforɯcertainɯtypesɯofɯconstructionɯactivities,ɯ
likeɯpileɯdrivingɯandɯviaductɯdemolition,ɯisɯexpectedɯtoɯexceedɯCityɯofɯSeattleɯ
noiseɯregulations.ɯɯExceedancesɯareɯexpectedɯtoɯoccurɯinɯtheɯdaytimeɯandɯ
nighttime,ɯwhichɯwouldɯrequireɯaɯnoiseɯvarianceɯfromɯtheɯCityɯofɯSeattle.ɯɯTheɯ
RebuildɯandɯAerialɯAlternativesɯwouldɯhaveɯgreaterɯnoiseɯandɯvibrationɯ
impactsɯcomparedɯtoɯtheɯotherɯalternativesɯbecauseɯconstructionɯofɯtheirɯ
structuresɯthroughɯtheɯcentralɯprojectɯareaɯwouldɯrequireɯaɯconsiderableɯ
amountɯofɯpileɯdriving.ɯɯTheɯRebuildɯAlternativeɯwouldɯhaveɯtheɯgreatestɯ
amountɯofɯnoiseɯandɯvibrationɯimpactsɯbecauseɯitɯrequiresɯmoreɯpileɯdrivingɯ
thanɯtheɯotherɯalternatives.ɯ
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Exhibit 1-1.  Summary of Noise and Vibration Impacts and Mitigation 

Alternative 
Construction

Impacts Operation Impacts Mitigation Measures 

NoɯBuildɯ Noneɯ Trafficɯnoiseɯlevelsɯwereɯ
modeledɯtoɯapproachɯorɯ
exceedɯtheɯFHWAɯnoiseɯ
abatementɯcriteriaɯatɯ42ɯ
modeledɯsitesɯrepresentingɯ
approximatelyɯ4,490ɯ
residentialɯunits,ɯ1,290ɯhotelɯ
rooms,ɯandɯ120ɯshelterɯbeds.ɯ

Noneɯrequiredɯ

Rebuildɯ Duringɯtheɯ7.5ɪyearɯ
constructionɯ
period,ɯnoiseɯ
wouldɯbeɯ
bothersomeɯtoɯ
nearbyɯresidentsɯ
andɯbusinesses.ɯɯɯ

Trafficɯnoiseɯlevelsɯwereɯ
modeledɯtoɯapproachɯorɯ
exceedɯtheɯFHWAɯnoiseɯ
abatementɯcriteriaɯatɯ43ɯ
modeledɯsitesɯrepresentingɯ
approximatelyɯ4,490ɯ
residentialɯunits,ɯ1,290ɯhotelɯ
rooms,ɯandɯ120ɯshelterɯbeds.ɯ

Aɯconstructionɯnoiseɯ
controlɯprogramɯwouldɯbeɯ
implementedɯtoɯreduceɯ
constructionɯnoiseɯimpacts.ɯɯɯ
Soundɯabsorptiveɯmaterialsɯ
mayɯbeɯusedɯonɯtheɯbottomɯ
ofɯtheɯupperɯdeckɯofɯtheɯ
rebuiltɯviaductɯtoɯreduceɯ
trafficɯnoiseɯlevelsɯalongɯtheɯ
centralɯwaterfront.ɯɯɯ

Aerialɯ Duringɯtheɯ11ɪyearɯ
constructionɯ
period,ɯnoiseɯ
wouldɯbeɯ
bothersomeɯtoɯ
nearbyɯresidentsɯ
andɯbusinesses.ɯɯɯ

Trafficɯnoiseɯlevelsɯwereɯ
modeledɯtoɯapproachɯorɯ
exceedɯtheɯFHWAɯnoiseɯ
abatementɯcriteriaɯatɯ43ɯ
modeledɯsitesɯrepresentingɯ
approximatelyɯ4,490ɯ
residentialɯunits,ɯ1,290ɯhotelɯ
rooms,ɯandɯ120ɯshelterɯbeds.ɯ

Aɯconstructionɯnoiseɯ
controlɯprogramɯwouldɯbeɯ
implementedɯtoɯreduceɯ
constructionɯnoiseɯimpacts.ɯɯɯ
Soundɯabsorptiveɯmaterialsɯ
mayɯbeɯusedɯonɯtheɯbottomɯ
ofɯtheɯupperɯdeckɯofɯtheɯ
newɯviaductɯtoɯreduceɯ
trafficɯnoiseɯlevelsɯalongɯtheɯ
centralɯwaterfront.ɯɯɯ

Tunnelɯ Duringɯtheɯ9ɪyearɯ
constructionɯ
period,ɯnoiseɯ
wouldɯbeɯ
bothersomeɯtoɯ
nearbyɯresidentsɯ
andɯbusinesses.ɯɯɯ

Trafficɯnoiseɯlevelsɯwereɯ
modeledɯtoɯapproachɯorɯ
exceedɯtheɯFHWAɯnoiseɯ
abatementɯcriteriaɯatɯ29ɯ
modeledɯsitesɯrepresentingɯ
approximatelyɯ4,250ɯ
residentialɯunits,ɯ1,290ɯhotelɯ
rooms,ɯandɯ120ɯshelterɯbeds.ɯ

Aɯconstructionɯnoiseɯ
controlɯprogramɯwouldɯbeɯ
implementedɯtoɯreduceɯ
constructionɯnoiseɯimpacts.ɯ
ɯ

BypassɯTunnelɯ Duringɯtheɯ8.5ɪyearɯ
constructionɯ
period,ɯnoiseɯ
wouldɯbeɯ
bothersomeɯtoɯ
nearbyɯresidentsɯ
andɯbusinesses.ɯɯɯ

Trafficɯnoiseɯlevelsɯwereɯ
modeledɯtoɯapproachɯorɯ
exceedɯtheɯFHWAɯnoiseɯ
abatementɯcriteriaɯatɯ31ɯ
modeledɯsitesɯrepresentingɯ
approximatelyɯ4,360ɯ
residentialɯunits,ɯ1,290ɯhotelɯ
rooms,ɯandɯ120ɯshelterɯbeds.ɯ

Aɯconstructionɯnoiseɯ
controlɯprogramɯwouldɯbeɯ
implementedɯtoɯreduceɯ
constructionɯnoiseɯimpacts.ɯ
ɯ
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Alternative 
Construction

Impacts Operation Impacts Mitigation Measures 

Surfaceɯ Duringɯtheɯ8ɪyearɯ
constructionɯ
period,ɯnoiseɯ
wouldɯbeɯ
bothersomeɯtoɯ
nearbyɯresidentsɯ
andɯbusinesses.ɯɯɯ

Trafficɯnoiseɯlevelsɯwereɯ
modeledɯtoɯapproachɯorɯ
exceedɯtheɯFHWAɯnoiseɯ
abatementɯcriteriaɯatɯ38ɯ
modeledɯsitesɯrepresentingɯ
approximatelyɯ4,490ɯ
residentialɯunits,ɯ1,290ɯhotelɯ
rooms,ɯandɯ120ɯshelterɯbeds.ɯ

Aɯconstructionɯnoiseɯ
controlɯprogramɯwouldɯbeɯ
implementedɯtoɯreduceɯ
constructionɯnoiseɯimpacts.ɯ
ɯ

ɯ
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Chapter 2 BACKGROUND, STUDIES, AND
COORDINATION

2.1  Characteristics of Sound
Sound is created when objects vibrate, resulting in a minute variation in 
surrounding atmospheric pressure called sound pressure.  The human ear’s 
response to sound depends on the magnitude of a sound as a function of its 
frequency and time pattern (EPA 1974).  Magnitude measures the physical 
sound energy in the air.  The human ear detects variations in pressure as 
small as 20 µPascals (10-6 Pascals).  Sound pressure greater than about 100 
Pascal (Pa) is painfully loud.  This range of magnitude from the faintest to the 
loudest sound the ear can hear is so large that sound pressure levels are 
expressed on a logarithmic scale in units called decibels (dB) that quantify the 
energy contained in the sound pressure.  A sound pressure of 20 µPa is 
defined as 0 dB (the threshold of hearing for a healthy ear), while a sound 
pressure of 100 Pa is about 130 dB (the approximate threshold for pain).

Because of the logarithmic decibel scale, a doubling of the number of noise 
sources, such as the number of cars operating on a roadway, increases noise 
levels by 3 dB.  A tenfold increase in the number of noise sources will add 10 
dB.  As a result, a noise source emitting a noise level of 60 dB combined with 
another noise source of 60 dBA yields a combined noise level of 63 dB, not 120 
dB.

Loudness, compared to physical sound measurement, refers to how people 
subjectively judge a sound and varies from person to person.  The human ear 
can better perceive changes in sound levels than judge the absolute sound 
level.  A 3 dB increase is barely perceptible, while a 5 or 6 dB increase is 
readily noticeable and sounds as if the noise is about one and one-half times 
as loud.  A 10 dB increase appears to be a doubling in noise level to most 
listeners.

Humans also respond to a sound's frequency or pitch.  The human ear can 
perceive sounds with a frequency between approximately 20 and 20,000 hertz 
(Hz), but it is most effective at perceiving sounds between approximately 
1,000 and 5,000 Hz.  Environmental sounds are composed of many 
frequencies, each occurring simultaneously at its own sound pressure level.
Frequency weighting, which is applied electronically by a sound level meter, 
combines the overall sound frequency into one sound level that simulates 
how an average person hears sounds.  The commonly used frequency 
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weightingɯforɯenvironmentalɯsoundsɯisɯAɪweightingɯ(dBA),ɯwhichɯisɯmostɯ
similarɯtoɯhowɯhumansɯperceiveɯsoundsɯofɯlowɯtoɯmoderateɯmagnitude.ɯɯ

Soundɯlevelsɯdecreaseɯasɯtheɯdistanceɯincreasesɯfromɯtheɯsoundɯsource.ɯɯForɯaɯ
lineɯsourceɯsuchɯasɯaɯroadway,ɯsoundɯlevelsɯdecreaseɯ3ɯdBAɯoverɯhardɯgroundɯ
(concrete,ɯpavement)ɯorɯ4.5ɯdBAɯoverɯsoftɯgroundɯ(grass)ɯforɯeveryɯdoublingɯ
ofɯdistanceɯbetweenɯtheɯsourceɯandɯtheɯreceptorɯ(individualɯhearingɯtheɯnoise).ɯɯ
Forɯaɯpointɯsourceɯsuchɯasɯaɯpieceɯofɯconstructionɯorɯventilationɯequipment,ɯ
soundɯlevelsɯdecreaseɯbetweenɯ6ɯandɯ7.5ɯdBAɯforɯeveryɯdoublingɯofɯdistanceɯ
fromɯtheɯsource.ɯ

Theɯpropagationɯofɯsoundɯcanɯbeɯgreatlyɯaffectedɯbyɯterrainɯandɯtheɯelevationɯ
ofɯtheɯreceiverɯrelativeɯtoɯtheɯsoundɯsource.ɯɯLevelɯgroundɯisɯtheɯsimplestɯcase.ɯɯ
Noiseɯtravelsɯinɯaɯstraightɯlineɪofɪsightɯpathɯbetweenɯtheɯsourceɯandɯtheɯ
receiver.ɯɯTheɯadditionɯofɯaɯbermɯorɯotherɯareaɯofɯhighɯterrainɯreducesɯtheɯ
soundɯenergyɯarrivingɯatɯtheɯreceiver.ɯɯBreakingɯtheɯlineɯofɯsightɯbetweenɯtheɯ
receiverɯandɯtheɯhighestɯsoundɯsourceɯresultsɯinɯaɯsoundɯlevelɯreductionɯofɯ
approximatelyɯ5ɯdBA.ɯ

Ifɯtheɯsourceɯisɯdepressedɯorɯtheɯreceiverɯisɯelevated,ɯsoundɯgenerallyɯwillɯ
travelɯdirectlyɯtoɯtheɯreceiver.ɯɯInɯsomeɯsituations,ɯsoundɯlevelsɯmayɯbeɯ
reducedɯbecauseɯtheɯterrainɯcrestsɯbetweenɯtheɯsourceɯandɯreceiver,ɯresultingɯ
inɯaɯpartialɯsoundɯbarrierɯnearɯtheɯreceiver.ɯɯInɯtheɯcaseɯofɯtrafficɯnoise,ɯifɯtheɯ
roadwayɯisɯelevatedɯorɯtheɯreceiverɯisɯdepressed,ɯnoiseɯmayɯbeɯreducedɯatɯtheɯ
receiver,ɯbecauseɯtheɯedgeɯofɯtheɯroadwayɯcanɯactɯasɯaɯpartialɯnoiseɯbarrier,ɯ
blockingɯsomeɯsoundɯtransmissionɯbetweenɯtheɯsourceɯandɯreceiverɯ(Exhibitɯ
2ɪ1).ɯɯTheɯeffectivenessɯofɯtheɯshieldingɯisɯaɯfunctionɯofɯtheɯadditionalɯlengthɯ
theɯnoiseɯmustɯtravelɯoverɯtheɯbarrierɯcomparedɯtoɯaɯstraightɯpath.ɯɯɯ

Soundɯmayɯalsoɯbeɯreflectedɯfromɯbuildingsɯandɯotherɯsolidɯstructures.ɯɯInɯ
certainɯcasesɯwhenɯdirectɯsoundɯisɯblockedɯbyɯaɯbarrierɯorɯotherɯshielding,ɯtheɯ
reflectedɯsoundɯmayɯbeɯgreaterɯthanɯtheɯsoundɯarrivingɯdirectlyɯatɯtheɯreceiverɯ
(Exhibitɯ2ɪ2).ɯ

Noiseɯlevelsɯfromɯtrafficɯsourcesɯdependɯonɯvolume,ɯspeed,ɯandɯtheɯtypeɯofɯ
vehicle.ɯɯGenerally,ɯanɯincreaseɯinɯvolume,ɯspeed,ɯorɯvehicleɯsizeɯincreasesɯ
trafficɯnoiseɯlevels.ɯɯVehicularɯnoiseɯisɯaɯcombinationɯofɯnoisesɯfromɯtheɯ
engine,ɯexhaust,ɯandɯtires.ɯɯOtherɯconditionsɯaffectingɯtrafficɯnoiseɯincludeɯ
defectiveɯmufflers,ɯsteepɯgrades,ɯterrain,ɯvegetation,ɯdistanceɯfromɯtheɯ
roadway,ɯandɯshieldingɯbyɯbarriersɯandɯbuildings.ɯɯ

ɯ
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Exhibit 2-1.  Effect of Terrain on Sound Propagation 
ɯ

Parsons Brinckerhoff, 2003 
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Exhibit 2-2.  Effect of Reflected Sound 

2.2  Sound Level Descriptors 
Aɯwidelyɯusedɯdescriptorɯforɯenvironmentalɯnoiseɯisɯtheɯequivalentɯsoundɯ
levelɯ(Leq).ɯɯTheɯLeqɯisɯaɯmeasureɯofɯtheɯaverageɯsoundɯenergyɯduringɯaɯ
specifiedɯperiodɯofɯtime.ɯɯLeqɯisɯdefinedɯasɯtheɯconstantɯlevelɯthat,ɯoverɯaɯgivenɯ
periodɯofɯtime,ɯtransmitsɯtoɯtheɯreceiverɯtheɯsameɯamountɯofɯacousticalɯenergyɯ
asɯtheɯactualɯtimeɪvaryingɯsound.ɯɯBecauseɯtheɯsoundɯlevel,ɯinɯdBA,ɯrepresentsɯ
soundɯenergyɯlogarithmically,ɯoccasionalɯhighɯsoundɯenergyɯlevelsɯhaveɯmoreɯ
effectɯonɯLeqɯthanɯdoesɯtheɯgeneralɯbackgroundɯsoundɯenergyɯlevel.ɯɯTwoɯ
soundɯpatterns,ɯoneɯofɯwhichɯhasɯaɯlowerɯbackgroundɯlevelɯbutɯaɯhigherɯ
maximumɯlevel,ɯcanɯhaveɯtheɯsameɯLeqɯ(Exhibitɯ2ɪ3).ɯɯɯ

Exhibit 2-3.  Example of Two Sound Patterns with the Same Leq (1 minute) 
ɯ
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Reflected noise may be greater than direct noise

Parsons Brinckerhoff, 2003 
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Leqɯmeasuredɯoverɯaɯ1ɪhourɯperiodɯisɯtheɯhourlyɯLeqɯ[Leq(h)],ɯwhichɯisɯusedɯforɯ
highwayɯnoiseɯimpactɯandɯabatementɯanalyses.ɯɯTheɯday/nightɯlevelɯ(Ldn),ɯaɯ
dailyɯaveragedɯnoiseɯlevelɯthatɯranksɯnoiseɯthatɯoccursɯduringɯtheɯeveningɯorɯ
nightɯmoreɯheavily,ɯisɯoftenɯreported.ɯɯTheɯLdnɯaddsɯ10ɯdBAɯtoɯnoiseɯlevelsɯthatɯ
occurɯbetweenɯ10ɯp.m.ɯandɯ7ɯa.m.ɯɯLdnɯisɯusedɯforɯtransitɯnoiseɯimpactɯandɯ
abatementɯanalysesɯtoɯresidentialɯareas.ɯɯɯ

Shortɪtermɯnoiseɯlevels,ɯsuchɯasɯthoseɯfromɯaɯsingleɯtruckɯpassingɯby,ɯcanɯbeɯ
describedɯbyɯeitherɯtheɯtotalɯnoiseɯenergyɯorɯtheɯhighestɯinstantaneousɯnoiseɯ
levelɯthatɯoccursɯduringɯtheɯevent.ɯɯTheɯsoundɯexposureɯlevelɯisɯaɯmeasureɯofɯ
totalɯsoundɯenergyɯfromɯanɯevent,ɯandɯisɯusefulɯinɯdeterminingɯwhatɯtheɯLeqɯ
wouldɯbeɯoverɯaɯperiodɯinɯtimeɯwhenɯseveralɯnoiseɯeventsɯoccur.ɯɯTheɯ
maximumɯsoundɯlevelɯ(Lmax)ɯisɯtheɯgreatestɯshortɪdurationɯsoundɯlevelɯthatɯ
occursɯduringɯaɯsingleɯevent.ɯɯLmaxɯisɯrelatedɯtoɯimpactsɯonɯspeechɯinterferenceɯ
andɯsleepɯdisruption.ɯɯInɯcomparison,ɯLminɯisɯtheɯminimumɯsoundɯlevelɯduringɯ
aɯperiodɯofɯtime.ɯ

Peopleɯwillɯoftenɯfindɯaɯmoderatelyɯhigh,ɯconstantɯsoundɯlevelɯmoreɯtolerableɯ
thanɯaɯquietɯbackgroundɯlevelɯinterruptedɯbyɯfrequentɯhighɪlevelɯnoiseɯ
intrusions.ɯɯAnɯindividual’sɯresponseɯtoɯsoundɯdependsɯgreatlyɯuponɯtheɯ
rangeɯthatɯtheɯsoundɯvariesɯinɯaɯgivenɯenvironment.ɯɯForɯexample,ɯsteadyɯ
trafficɯnoiseɯfromɯaɯhighwayɯisɯnormallyɯlessɯbothersomeɯthanɯoccasionalɯ
aircraftɯflyoversɯinɯaɯrelativelyɯquietɯarea.ɯɯInɯlightɯofɯthisɯsubjectiveɯresponse,ɯ
itɯisɯoftenɯusefulɯtoɯlookɯatɯaɯstatisticalɯdistributionɯofɯsoundɯlevelsɯoverɯaɯ
givenɯtimeɯperiodɯinɯadditionɯtoɯtheɯaverageɯsoundɯlevel.ɯɯSuchɯdistributionsɯ
identifyɯtheɯsoundɯlevelɯexceededɯandɯtheɯpercentageɯofɯtimeɯexceeded;ɯ
therefore,ɯaɯstatisticalɯdistributionɯallowsɯforɯaɯmoreɯthoroughɯdescriptionɯofɯ
theɯrangeɯofɯsoundɯlevelsɯduringɯtheɯgivenɯmeasurementɯperiod.ɯɯTheseɯ
distributionsɯareɯidentifiedɯwithɯanɯLnɯwhereɯnɯisɯtheɯpercentageɯofɯtimeɯthatɯ
theɯlevelsɯareɯexceeded.ɯɯForɯexample,ɯtheɯL10ɯlevelɯisɯtheɯnoiseɯlevelɯthatɯisɯ
exceededɯ10ɯpercentɯofɯtheɯtime.ɯ

2.3  Typical Sound Levels 
TypicalɯAɪweightedɯsoundɯlevelsɯfromɯvariousɯsourcesɯareɯpresentedɯinɯ
Exhibitɯ2ɪ4.ɯɯTheɯsoundɯenvironmentsɯdescribedɯbetweenɯaɯquietɯwhisperɯorɯ
lightɯwindɯatɯ30ɯdBAɯtoɯaɯjetɯtakeoffɯatɯ120ɯdBAɯdemonstrateɯtheɯgreatɯrangeɯofɯ
theɯhumanɯear.ɯɯAɯtypicalɯconversationɯisɯinɯtheɯrangeɯofɯ60ɯtoɯ70ɯdBA.ɯ
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Exhibit 2-4.  Typical Sound Levels 

Transportation Sources 
Sound Level 

(dBA) Other Sources Description 
ɯ 130ɯ ɯ Painfullyɯloudɯ

Jetɯtakeoffɯ(200ɯfeet)ɯ 120ɯ ɯ ɯ

Carɯhornɯ(3ɯfeet)ɯ ɯ ɯ

ɯ 110ɯ ɯ

Maximumɯvocalɯ
effortɯ

ɯ 100ɯ Shoutɯ(0.5ɯfeet)ɯ ɯ

ɯ ɯ ɯ Veryɯannoyingɯ

Heavyɯtruckɯ(50ɯfeet)ɯ 90ɯ Jackɯhammerɯ(50ɯfeet)ɯ

ɯ ɯ Homeɯshopɯtoolsɯ(3ɯfeet)ɯ

Lossɯofɯhearingɯwithɯ
prolongedɯexposureɯ

Trainɯonɯaɯstructureɯ(50ɯfeet)ɯ 85ɯ Backhoeɯ(50ɯfeet)ɯ ɯ

Cityɯbusɯ(50ɯfeet)ɯ 80ɯ Bulldozerɯ(50ɯfeet)ɯ Annoyingɯ

ɯ ɯ Vacuumɯcleanerɯ(3ɯfeet)ɯ ɯ

Trainɯ(50ɯfeet)ɯ 75ɯ Blenderɯ(3ɯfeet)ɯ ɯ

Cityɯbusɯatɯstopɯ(50ɯfeet)ɯ ɯ ɯ ɯ

Freewayɯtrafficɯ(50ɯfeet)ɯ 70ɯ Lawnɯmowerɯ(50ɯfeet)ɯ ɯ

ɯ ɯ Largeɯofficeɯ ɯ

Trainɯinɯstationɯ(50ɯfeet)ɯ 65ɯ Washingɯmachineɯ(3ɯfeet)ɯ Intrusiveɯ

ɯ 60ɯ TVɯ(10ɯfeet)ɯ ɯ

Lightɯtrafficɯ(50ɯfeet)ɯ ɯ Talkingɯ(10ɯfeet)ɯ ɯ

Lightɯtrafficɯ(100ɯfeet)ɯ 50ɯ ɯ Quietɯ

ɯ ɯ Refrigeratorɯ(3ɯfeet)ɯ ɯ

ɯ 40ɯ Libraryɯ ɯ

ɯ 30ɯ Softɯwhisperɯ(15ɯfeet)ɯ Veryɯquietɯ
Sources:ɯɯUSDOTɯ(1995);ɯEPAɯ(1971,ɯ1974).ɯ
ɯ

Backgroundɯenvironmentalɯsoundɯlevelsɯvaryɯwidelyɯinɯdifferentɯ
environments.ɯɯTheɯUnitedɯStatesɯEnvironmentalɯProtectionɯAgencyɯ(EPA)ɯ
evaluatedɯLdnɯsoundɯlevelsɯatɯvariousɯlocationsɯandɯhasɯdevelopedɯqualitativeɯ
descriptionsɯofɯtheɯsoundɯenvironmentsɯthatɯexperienceɯvariousɯsoundɯlevelsɯ
(Exhibitɯ2ɪ5).ɯɯTheɯLdnɯlevelɯisɯaɯmeasureɯofɯ24ɪɯhourɯenvironmentalɯsoundsɯ
andɯisɯoftenɯlowerɯthanɯtheɯpeakɯ1ɪhourɯsoundɯlevelsɯthatɯareɯevaluatedɯinɯthisɯ
report.ɯɯɯ
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Exhibit 2-5.  Typical Outdoor Sound Levels in Various Environments 
Qualitative Description Ldn (dBA) 

ɯ 85ɯ
80ɯ

CityɯNoiseɯ(DowntownɯMajorɯMetropolis)ɯ
75ɯ

VeryɯNoisyɯUrbanɯ 70ɯ
NoisyɯUrbanɯ 65ɯ

Urbanɯ 60ɯ
Suburbanɯ 55ɯ

50ɯ
SmallɯTownɯandɯQuietɯSuburbanɯ

45ɯ
ɯ 40ɯ

Source:ɯɯEPAɯ(1974).ɯ
ɯ

2.4  Effects of Noise 
Environmentalɯnoiseɯatɯhighɯintensitiesɯdirectlyɯaffectsɯhumanɯhealthɯbyɯ
causingɯhearingɯloss.ɯɯAlthoughɯscientificɯevidenceɯcurrentlyɯisɯnotɯconclusive,ɯ
noiseɯisɯsuspectedɯofɯcausingɯorɯaggravatingɯotherɯdiseases.ɯɯEnvironmentalɯ
noiseɯindirectlyɯaffectsɯhumanɯwelfareɯbyɯinterferingɯwithɯsleep,ɯthought,ɯandɯ
conversation.ɯɯTheɯFHWAɯnoiseɯabatementɯcriteriaɯareɯbasedɯonɯspeechɯ
interference,ɯwhichɯisɯaɯwellɯdocumentedɯimpactɯthatɯisɯrelativelyɯ
reproducibleɯinɯhumanɯresponseɯstudies.ɯ

2.5  Noise Regulations and Impact Criteria 

2.5.1  Traffic Noise Criteria 
Applicableɯnoiseɯregulationsɯandɯguidelinesɯprovideɯaɯbasisɯforɯevaluatingɯ
potentialɯnoiseɯimpacts.ɯɯForɯfederallyɯfundedɯhighwayɯprojects,ɯtrafficɯnoiseɯ
impactsɯoccurɯwhenɯpredictedɯLeq(h)ɯnoiseɯlevelsɯapproachɯorɯexceedɯtheɯ
FHWA’sɯestablishedɯnoiseɯabatementɯcriteriaɯorɯsubstantiallyɯexceedɯexistingɯ
noiseɯlevelsɯ(USDOTɯ1982;ɯNoiseɯAbatementɯCouncil).ɯɯWSDOTɯnoiseɯpolicyɯ
adoptsɯtheɯFHWAɯcriteriaɯ(WSDOTɯ2003).ɯɯAlthoughɯɆsubstantiallyɯexceedɆɯisɯ
notɯdefined,ɯWSDOTɯconsidersɯanɯincreaseɯofɯ10ɯdBAɯorɯmoreɯtoɯbeɯaɯ
substantialɯincrease.ɯɯ

TheɯFHWAɯnoiseɯabatementɯcriteriaɯspecifyɯexteriorɯLeq(h)ɯnoiseɯlevelsɯforɯ
variousɯlandɯactivityɯcategoriesɯ(Exhibitɯ2ɪ6).ɯɯForɯreceptorsɯwhereɯserenityɯ
andɯquietɯareɯofɯextraordinaryɯsignificance,ɯtheɯnoiseɯcriterionɯisɯ57ɯdBA.ɯɯForɯ
residences,ɯparks,ɯschools,ɯchurches,ɯandɯsimilarɯareas,ɯtheɯnoiseɯcriterionɯisɯ67ɯ
dBA.ɯɯForɯdevelopedɯlands,ɯtheɯnoiseɯcriterionɯisɯ72ɯdBA.ɯɯWSDOTɯconsidersɯaɯ
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noiseɯimpactɯtoɯoccurɯifɯpredictedɯLeq(h)ɯnoiseɯlevelsɯapproachɯwithinɯ1ɯdBAɯofɯ
theɯnoiseɯabatementɯcriteriaɯinɯExhibitɯ2ɪ6.ɯɯThus,ɯifɯaɯnoiseɯlevelɯwereɯ66ɯdBAɯ
orɯhigher,ɯitɯwouldɯapproachɯorɯexceedɯtheɯFHWAɯnoiseɯabatementɯcriterionɯ
ofɯ67ɯdBAɯforɯresidences.ɯɯ

Exhibit 2-6.  FHWA Noise Abatement Criteria 
Activity Category Leq(h) (dBA) Description of Activity Category 

Aɯ 57ɯ(exterior)ɯ Landsɯonɯwhichɯserenityɯandɯquietɯareɯofɯ
extraordinaryɯsignificanceɯandɯserveɯanɯimportantɯ
publicɯneedɯandɯwhereɯtheɯpreservationɯofɯthoseɯ
qualitiesɯisɯessentialɯifɯtheɯareaɯisɯtoɯcontinueɯtoɯserveɯ
itsɯintendedɯpurpose.ɯ

Bɯ 67ɯ(exterior)ɯ Picnicɯareas,ɯrecreationɯareas,ɯplaygrounds,ɯactiveɯ
sportsɯareas,ɯparks,ɯresidences,ɯmotels,ɯhotels,ɯschools,ɯ
churches,ɯlibraries,ɯandɯhospitals.ɯ

Cɯ 72ɯ(exterior)ɯ Developedɯlands,ɯproperties,ɯorɯactivitiesɯnotɯ
includedɯinɯCategoriesɯAɯorɯBɯabove.ɯ

Dɯ ɪɯ Undevelopedɯlands.ɯ

Eɯ 52ɯ(interior)ɯ Residences,ɯmotels,ɯhotels,ɯpublicɯmeetingɯrooms,ɯ
schools,ɯchurches,ɯlibraries,ɯhospitals,ɯandɯ
auditoriums.ɯ

Source:ɯɯUSDOTɯ(1982).ɯ
ɯ

WSDOTɯdefinesɯsevereɯnoiseɯimpactsɯasɯtrafficɯnoiseɯlevelsɯthatɯexceedɯ75ɯdBAɯ
outdoorsɯinɯCategoryɯBɯareasɯorɯ60ɯdBAɯindoorsɯatɯCategoryɯEɯuses.ɯɯSevereɯ
noiseɯimpactsɯalsoɯoccurɯifɯpredictedɯfutureɯnoiseɯlevelsɯexceedɯexistingɯlevelsɯ
byɯ15ɯdBAɯorɯmoreɯinɯnoiseɪsensitiveɯlocationsɯasɯtheɯresultɯofɯaɯproject.ɯ

2.5.2  Property Line Criteria 
TheɯCityɯofɯSeattleɯlimitsɯnoiseɯlevelsɯatɯpropertyɯlinesɯofɯneighboringɯ
propertiesɯ(SMCɯ25.08.410).ɯɯTheɯmaximumɯpermissibleɯsoundɯlevelɯdependsɯ
onɯtheɯlandɯusesɯofɯbothɯtheɯsourceɯnoiseɯandɯreceivingɯpropertyɯ(Exhibitɯ2ɪ7).ɯɯ
Theɯmaximumɯpermissibleɯsoundɯlevelsɯapplyɯtoɯconstructionɯactivitiesɯonlyɯifɯ
theyɯoccurɯbetweenɯ10ɯp.m.ɯandɯ7ɯa.m.ɯonɯweekdaysɯandɯ10ɯp.m.ɯandɯ9ɯa.m.ɯonɯ
weekends.ɯɯPerformanceɯofɯconstructionɯactivitiesɯduringɯnighttimeɯhoursɯthatɯ
wouldɯexceedɯtheseɯlevelsɯrequiresɯaɯnoiseɯvarianceɯfromɯtheɯCityɯofɯSeattle.ɯɯɯ
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Exhibit 2-7.  City of Seattle Maximum Permissible Sound Levels (dBA) 
District of Receiving Property 

ResidentialaDistrict of  
Noise Source Day Night Commercial Industrial
Residentialɯ 55ɯ 45ɯ 57ɯ 60ɯ

Commercialɯ 57ɯ 47ɯ 60ɯ 65ɯ

Industrialɯ 60ɯ 50ɯ 65ɯ 70ɯ
aɯɯTheɯmaximumɯpermissibleɯsoundɯlevelɯisɯreducedɯbyɯ10ɯdBAɯforɯresidentialɯreceivingɯpropertiesɯ
betweenɯ10ɯp.m.ɯandɯ7ɯa.m.ɯ
Source:ɯɯSeattleɯMunicipalɯCodeɯ25.08.410.ɯ
ɯ

Shortɪtermɯexceedancesɯaboveɯtheɯpermissibleɯsoundɯlevelɯareɯallowedɯforɯanyɯ
noiseɯsource.ɯɯTheɯmaximumɯlevelɯmayɯbeɯexceededɯbyɯ5ɯdBAɯforɯaɯtotalɯofɯ15ɯ
minutes,ɯbyɯ10ɯdBAɯforɯaɯtotalɯofɯ5ɯminutes,ɯorɯbyɯ15ɯdBAɯforɯaɯtotalɯofɯ1.5ɯ
minutesɯduringɯanyɯ1ɪhourɯperiod.ɯɯTheseɯallowedɯexceptionsɯareɯreferredɯtoɯ
inɯtermsɯofɯtheɯpercentageɯofɯtimeɯaɯcertainɯlevelɯisɯexceeded;ɯanɯL25ɯisɯtheɯ
noiseɯlevelɯthatɯisɯexceededɯ15ɯminutesɯduringɯanɯhour.ɯɯTherefore,ɯtheɯ
permissibleɯL25ɯwouldɯbeɯ5ɯdBAɯgreaterɯthanɯtheɯvaluesɯinɯExhibitɯ2ɪ7,ɯ
providedɯthatɯtheɯnoiseɯlevelɯisɯbelowɯtheɯpermissibleɯlevelɯinɯExhibitɯ2ɪ7ɯforɯ
theɯrestɯofɯtheɯhourɯandɯneverɯexceedsɯtheɯpermissibleɯlevelɯbyɯmoreɯthanɯ
5ɯdBA.ɯɯAnɯhourlyɯLeqɯofɯapproximatelyɯ2ɯdBAɯhigherɯthanɯtheɯvaluesɯinɯ
Exhibitɯ2ɪ7ɯisɯanɯequivalentɯsoundɯlevelɯtoɯtheɯpermissibleɯlevels,ɯincludingɯtheɯ
allowedɯshortɪtermɯexcursions.ɯɯUsingɯthisɯexample,ɯanɯLeq(h)ɯofɯ59ɯdBAɯ
correspondsɯapproximatelyɯtoɯaɯnoiseɯlevelɯofɯ57ɯdBAɯforɯ45ɯminutesɯandɯ
62ɯdBAɯforɯ15ɯminutes,ɯwhichɯisɯtheɯmaximumɯpermissibleɯnoiseɯlevelɯcreatedɯ
byɯaɯsourceɯinɯaɯcommercialɯzoneɯandɯreceivedɯbyɯaɯpropertyɯinɯaɯresidentialɯ
zone.ɯ

Constructionɯactivitiesɯcarriedɯoutɯbetweenɯ7ɯa.m.ɯandɯ10ɯp.m.ɯonɯweekdaysɯ
andɯbetweenɯ9ɯa.m.ɯandɯ10ɯp.m.ɯonɯweekendsɯareɯallowedɯtoɯexceedɯtheɯ
propertyɯlineɯstandardsɯperɯtheɯfollowingɯlimits,ɯmeasuredɯatɯ50ɯfeetɯorɯtheɯ
propertyɯline,ɯwhicheverɯisɯfurtherɯ(SMCɯ25.08.425):ɯ

¶ Earthmovingɯorɯotherɯlargeɯconstructionɯequipmentɯmayɯexceedɯtheɯ
applicableɯpropertyɯlineɯlimitɯbyɯ25ɯdBA.ɯ

¶ Portableɯpoweredɯequipmentɯmayɯexceedɯtheɯlimitɯbyɯ20ɯdBA.ɯ
¶ Impactɯequipment,ɯsuchɯasɯjackhammers,ɯmayɯnotɯexceedɯanɯLeq(h)ɯofɯ

90ɯdBAɯorɯanɯLeq(7.5ɯmin)ɯofɯ99ɯdBA.ɯ

Underɯnormalɯoperations,ɯtunnelɯventilationɯfansɯareɯsubjectɯtoɯtheɯnoiseɯlevelɯ
limitsɯofɯtheɯSeattleɯNoiseɯOrdinance.ɯɯUnderɯemergencyɯoperationɯconditions,ɯ
theɯventilationɯandɯjetɯfansɯareɯexemptɯfromɯtheɯOrdinance.ɯɯJetɯfansɯandɯ
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ventilationɯfansɯdo,ɯhowever,ɯhaveɯtoɯbeɯroutinelyɯtestedɯinɯemergencyɯmodeɯ
operation,ɯwhichɯisɯsubjectɯtoɯtheɯpropertyɯlineɯnoiseɯlimits.ɯɯ

2.5.3  Hearing Protection Criteria 
Toɯpreventɯdamageɯtoɯhearing,ɯtheɯOccupationalɯSafetyɯandɯHealthɯ
Administrationɯ(OSHA)ɯrecommendsɯaɯmaximumɯnoiseɯlevelɯofɯ85ɯdBAɯbasedɯ
uponɯaɯlongɪtermɯexposureɯtimeɯofɯ8ɯhours,ɯduringɯworkingɯlife.ɯɯStandardɯ
NFPAɯ130ɯ(2000)ɯallowsɯanɯexposureɯofɯ115ɯdBAɯforɯaɯfewɯsecondsɯandɯ92ɯ
dBAɯforɯtheɯremainderɯofɯtheɯexposure.ɯɯInɯaccordanceɯwithɯtheɯOSHAɯcriteria,ɯ
exposuresɯofɯ115ɯdBAɯandɯ92ɯdBAɯareɯacceptableɯforɯ28ɯsecondsɯandɯ1ɯhourɯ35ɯ
minutes,ɯrespectively.ɯɯTheɯinɪtunnelɯnoiseɯcriterionɯforɯthisɯprojectɯduringɯ
emergencyɯoperationsɯisɯaɯmaximumɯofɯ115ɯdBAɯforɯaɯfewɯsecondsɯandɯ92ɯ
dBAɯforɯtheɯremainderɯofɯtheɯexposure.ɯɯɯ

2.6  Characteristics of Vibration 
Vibrationɯisɯanɯoscillatoryɯmotion,ɯwhichɯcanɯbeɯdescribedɯinɯtermsɯofɯtheɯ
displacement,ɯvelocity,ɯorɯacceleration.ɯɯBecauseɯtheɯmotionɯisɯoscillatory,ɯ
thereɯisɯnoɯnetɯmovementɯofɯtheɯvibrationɯelement,ɯandɯtheɯaverageɯofɯanyɯofɯ
theɯmotionɯdescriptorsɯisɯzero.ɯɯDisplacementɯisɯtheɯeasiestɯdescriptorɯtoɯ
understand.ɯɯForɯaɯvibratingɯfloor,ɯtheɯdisplacementɯisɯsimplyɯtheɯdistanceɯthatɯ
aɯpointɯonɯtheɯfloorɯmovesɯawayɯfromɯitsɯstaticɯposition.ɯɯTheɯvelocityɯ
representsɯtheɯinstantaneousɯspeedɯofɯtheɯfloorɯmovement,ɯandɯaccelerationɯisɯ
theɯrateɯofɯchangeɯofɯtheɯspeed.ɯɯAlthoughɯdisplacementɯisɯeasierɯtoɯ
understandɯthanɯvelocityɯorɯacceleration,ɯitɯisɯrarelyɯusedɯforɯdescribingɯ
groundɪborneɯvibration.ɯɯThisɯisɯbecauseɯmostɯtransducersɯusedɯforɯmeasuringɯ
groundɪborneɯvibrationɯuseɯeitherɯvelocityɯorɯacceleration,ɯand,ɯevenɯmoreɯ
important,ɯtheɯresponseɯofɯhumans,ɯbuildings,ɯandɯequipmentɯtoɯvibrationɯisɯ
moreɯaccuratelyɯdescribedɯusingɯvelocityɯorɯacceleration.ɯ

2.7  Vibration Descriptors 
Oneɯofɯtheɯseveralɯdifferentɯmethodsɯthatɯareɯusedɯtoɯquantifyɯvibrationɯ
amplitudeɯisɯpeakɯparticleɯvelocityɯ(PPV),ɯwhichɯisɯdefinedɯasɯtheɯmaximumɯ
instantaneousɯpositiveɯorɯnegativeɯpeakɯofɯtheɯvibrationɯsignal.ɯɯPPVɯisɯoftenɯ
usedɯinɯmonitoringɯofɯblastingɯvibrationɯsinceɯitɯisɯrelatedɯtoɯtheɯstressesɯthatɯ
areɯexperiencedɯbyɯbuildings.ɯɯAlthoughɯpeakɯparticleɯvelocityɯisɯappropriateɯ
forɯevaluatingɯtheɯpotentialɯofɯbuildingɯdamage,ɯitɯisɯnotɯsuitableɯforɯ
evaluatingɯhumanɯresponse.ɯɯItɯtakesɯsomeɯtimeɯforɯtheɯhumanɯbodyɯtoɯ
respondɯtoɯvibrationɯsignals.ɯɯInɯaɯsense,ɯtheɯhumanɯbodyɯrespondsɯtoɯanɯ
averageɯvibrationɯamplitude.ɯɯBecauseɯtheɯnetɯaverageɯofɯaɯvibrationɯsignalɯisɯ
zero,ɯtheɯrootɯmeanɯsquareɯ(rms)ɯamplitudeɯisɯusedɯtoɯdescribeɯtheɯɆsmoothedɆɯ
vibrationɯamplitude.ɯɯTheɯrootɯmeanɯsquareɯofɯaɯsignalɯisɯtheɯaverageɯofɯtheɯ
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squaredɯamplitudeɯofɯtheɯsignal.ɯɯTheɯaverageɯisɯtypicallyɯcalculatedɯoverɯaɯ
1ɪsecondɯperiod.ɯɯTheɯrmsɯamplitudeɯisɯalwaysɯlessɯthanɯtheɯPPVɯandɯisɯ
alwaysɯpositive.ɯɯTheɯPPVɯandɯrmsɯvelocityɯareɯnormallyɯdescribedɯinɯinchesɯ
perɯsecondɯinɯtheɯUnitedɯStatesɯandɯmetersɯperɯsecondɯinɯtheɯrestɯofɯtheɯworld.ɯɯ
Althoughɯitɯisɯnotɯuniversallyɯaccepted,ɯdecibelɯnotationɯisɯinɯcommonɯuseɯforɯ
vibration.ɯɯDecibelɯnotationɯactsɯtoɯcompressɯtheɯrangeɯofɯnumbersɯrequiredɯtoɯ
describeɯvibration.ɯɯVibrationɯvelocityɯlevelɯinɯdecibelsɯisɯdefinedɯas:ɯ

Lvɯ=ɯ20logɯ(V/Vref)ɯ

whereɯɯ ɆLvɯɆɯisɯtheɯvelocityɯlevelɯinɯdecibels,ɯɯ
ɆVɆɯisɯtheɯrmsɯvelocityɯamplitude,ɯandɯɯ
ɆVrefɯɆɯisɯtheɯreferenceɯvelocityɯamplitude.ɯ

Aɯreferenceɯmustɯalwaysɯbeɯspecifiedɯwheneverɯaɯquantityɯisɯexpressedɯinɯ
termsɯofɯdecibels.ɯɯAllɯvibrationɯlevelsɯinɯthisɯreportɯareɯreferencedɯtoɯ1x10ɪ6ɯ
inchesɯperɯsecond.ɯɯAlthoughɯnotɯaɯuniversallyɯacceptedɯnotation,ɯtheɯ
abbreviationɯɆVdBɆɯisɯusedɯinɯthisɯdocumentɯforɯvibrationɯdecibelsɯtoɯreduceɯ
theɯpotentialɯforɯconfusionɯwithɯsoundɯdecibels.ɯɯɯ

2.8  Typical Vibration Levels 
Inɯcontrastɯtoɯairborneɯnoise,ɯgroundɪborneɯvibrationɯisɯnotɯaɯphenomenonɯ
thatɯmostɯpeopleɯexperienceɯeveryɯday.ɯɯTheɯbackgroundɯvibrationɯvelocityɯ
levelɯinɯresidentialɯareasɯisɯusuallyɯ50ɯVdBɯorɯlower,ɯwellɯbelowɯtheɯthresholdɯ
ofɯperceptionɯforɯhumans,ɯwhichɯisɯaroundɯ65ɯVdBɯ(Exhibitɯ2ɪ8).ɯɯMostɯ
perceptibleɯindoorɯvibrationɯisɯcausedɯbyɯsourcesɯwithinɯbuildingsɯsuchɯasɯ
operationɯofɯmechanicalɯequipment,ɯmovementɯofɯpeople,ɯorɯslammingɯofɯ
doors.ɯɯTypicalɯoutdoorɯsourcesɯofɯperceptibleɯgroundɪborneɯvibrationɯareɯ
constructionɯequipment,ɯsteelɪwheeledɯtrains,ɯandɯtrafficɯonɯroughɯroads.ɯɯPileɯ
drivingɯisɯoneɯofɯtheɯgreatestɯcommonɯsourcesɯofɯvibration.ɯɯIfɯtheɯroadwayɯisɯ
smooth,ɯtheɯvibrationɯfromɯtrafficɯisɯrarelyɯperceptible.ɯɯTheɯrangeɯofɯinterestɯisɯ
fromɯapproximatelyɯ50ɯVdBɯtoɯ100ɯVdB.ɯɯ

Backgroundɯvibrationɯisɯusuallyɯwellɯbelowɯtheɯthresholdɯofɯhumanɯ
perceptionɯandɯisɯofɯconcernɯonlyɯwhenɯtheɯvibrationɯaffectsɯveryɯsensitiveɯ
manufacturingɯorɯresearchɯequipment.ɯɯElectronɯmicroscopesɯandɯhighɪ
resolutionɯlithographyɯequipmentɯareɯtypicalɯofɯequipmentɯthatɯisɯhighlyɯ
sensitiveɯtoɯvibrationɯandɯmayɯbeɯdisturbedɯbyɯvibrationɯlevelsɯgreaterɯthanɯ
approximatelyɯ65ɯVdB.ɯɯAlthoughɯtheɯperceptibilityɯthresholdɯisɯaboutɯ65ɯVdB,ɯ
humanɯresponseɯtoɯvibrationɯisɯnotɯusuallyɯsignificantɯunlessɯtheɯvibrationɯ
exceedsɯ70ɯVdB.ɯɯThisɯisɯaɯtypicalɯlevelɯ50ɯfeetɯfromɯaɯrapidɯtransitɯorɯlightɯrailɯ
system.ɯɯBusesɯandɯtrucksɯrarelyɯcreateɯvibrationɯthatɯexceedsɯ70ɯVdBɯunlessɯ
thereɯareɯbumpsɯinɯtheɯroad.ɯ
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2.9  Effects of Vibration 
Groundɪborneɯvibrationɯcanɯbeɯaɯconcernɯforɯoccupantsɯofɯnearbyɯbuildingsɯ
duringɯconstructionɯactivitiesɯassociatedɯwithɯtheɯproposedɯproject.ɯɯHowever,ɯ
itɯisɯunusualɯforɯvibrationɯfromɯsourcesɯsuchɯasɯbusesɯandɯtrucksɯtoɯbeɯ
perceptible,ɯevenɯinɯlocationsɯcloseɯtoɯmajorɯroads.ɯɯMostɯcommonɯsourcesɯofɯ
groundɪborneɯvibrationɯareɯtrains,ɯbusesɯonɯroughɯroads,ɯandɯconstructionɯ
activitiesɯsuchɯasɯblasting,ɯpileɯdriving,ɯandɯoperatingɯheavyɯearthɪmovingɯ
equipment.ɯ

Theɯeffectsɯofɯgroundɪborneɯvibrationɯincludeɯfeelableɯmovementɯofɯtheɯ
buildingɯfloors,ɯrattlingɯofɯwindows,ɯshakingɯofɯitemsɯonɯshelvesɯorɯhangingɯ
onɯwalls,ɯandɯrumblingɯsounds.ɯɯInɯextremeɯcases,ɯtheɯvibrationɯcanɯcauseɯ
damageɯtoɯbuildings.ɯɯBuildingɯdamageɯisɯnotɯaɯfactorɯforɯnormalɯ
transportationɯprojectsɯwithɯtheɯoccasionalɯexceptionɯofɯblasting,ɯpileɯdriving,ɯ
andɯdemolitionɯofɯstructures,ɯwhichɯmayɯoccurɯduringɯconstruction.ɯ
ɯ

ɯ

Note:ɯ*RMSɯVibrationɯVelocityɯLevelɯinɯVdBɯrelativeɯtoɯ10ɪ6ɯinchesɯperɯsecond.ɯ
Source:ɯɯUSDOTɯ(1995).ɯɯ

Exhibit 2-8.  Common Vibration Sources and Levels 

ɯɯ
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Human/Structural Response Typical Sources (50 ft from Source)Velocity*

Threshold, minor cosmetic damage
fragile buildings

Difficulty with tasks such as
reading a computer screen

Residential annoyance, infrequent
events (e.g., commuter rail)

Residential annoyance, frequent
events (e.g., rapid transit)

Limit for vibration sensitive
equipment.  Approximate threshold

for human perception of vibration

Blasting from construction projects

Bulldozers and other heavy tracked
construction equipmentɯɯ

Rapid transit, upper rangeɯɯ
Commuter rail, typicalɯɯ
Bus or truck over bumpɯɯ
Rapid transit, typicɯalɯɯ

Bus or truck, typicalɯɯ

Typical background vibrationɯɯ

Commuter rail, upper rangeɯɯ

Impact pile drivingɯ
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Theɯrumblingɯsoundɯcausedɯbyɯtheɯvibrationɯofɯroomɯsurfacesɯisɯcalledɯ
groundɪborneɯnoise.ɯɯTheɯannoyanceɯpotentialɯofɯgroundɪborneɯnoiseɯisɯ
usuallyɯcharacterizedɯwithɯtheɯAɪweightedɯsoundɯlevel.ɯɯAlthoughɯtheɯ
Aɪweightedɯlevelɯisɯalmostɯtheɯonlyɯmetricɯusedɯtoɯcharacterizeɯcommunityɯ
noise,ɯthereɯareɯpotentialɯproblemsɯwhenɯcharacterizingɯlowɪfrequencyɯnoiseɯ
usingɯAɪweighting.ɯɯThisɯisɯbecauseɯofɯtheɯnonɪlinearityɯofɯhumanɯhearing,ɯ
whichɯcausesɯsoundsɯdominatedɯbyɯlowɪfrequencyɯcomponentsɯtoɯseemɯ
louderɯthanɯbroadbandɯsoundsɯthatɯhaveɯtheɯsameɯAɪweightedɯlevel.ɯɯTheɯ
resultɯisɯthatɯgroundɪborneɯnoiseɯwithɯaɯlevelɯofɯ40ɯdBAɯsoundsɯlouderɯthanɯ
40ɯdBAɯbroadbandɯnoise.ɯɯThisɯisɯaccountedɯforɯbyɯsettingɯtheɯlimitsɯforɯ
groundɪborneɯnoiseɯlowerɯthanɯforɯbroadbandɯnoise.ɯ

2.10  Vibration Impact Criteria 
Criteriaɯforɯconstructionɯgroundɯvibrationɯmustɯaddressɯboth:ɯ

¶ Theɯpotentialɯforɯdisturbanceɯandɯannoyanceɯtoɯbuildingɯoccupants.ɯ
¶ Theɯpotentialɯforɯdamageɯtoɯnearbyɯbuildingsɯandɯotherɯnearbyɯ

structures.ɯ

Temporaryɯvibrationɯimpactsɯmayɯoccurɯinɯtheɯlocalɯareaɯduringɯtheɯ
constructionɯperiodɯasɯaɯconsequenceɯofɯtheɯuseɯofɯblasting,ɯpileɯdrivers,ɯ
jackhammers,ɯhoeɯrams,ɯsoilɯcompactors,ɯandɯotherɯheavyɯconstructionɯ
equipment.ɯɯBuildingsɯinɯtheɯvicinityɯofɯtheɯconstructionɯsiteɯrespondɯtoɯtheseɯ
vibrations,ɯwithɯvaryingɯresultsɯrangingɯfromɯperceptibleɯeffectsɯatɯtheɯlowestɯ
levels,ɯlowɯrumblingɯsoundsɯandɯnoticeableɯvibrationsɯatɯmoderateɯlevels,ɯandɯ
slightɯdamageɯatɯtheɯhighestɯlevels.ɯɯGroundɯvibrationsɯfromɯconstructionɯ
activitiesɯrarelyɯreachɯtheɯlevelsɯthatɯcanɯdamageɯstructures,ɯbutɯcanɯachieveɯ
theɯnoticeableɯrangeɯinɯbuildingsɯveryɯcloseɯtoɯaɯsite.ɯɯImpactɯpileɯdriversɯ
generallyɯcauseɯtheɯhighestɯvibrationɯlevelsɯcomparedɯtoɯotherɯtypesɯofɯ
equipment.ɯɯMeasuresɯshouldɯbeɯappliedɯtoɯminimizeɯtheɯpotentialɯforɯharmɯtoɯ
nearbyɯstructures.ɯɯDetailedɯinformationɯonɯtheɯproposedɯconstructionɯ
methods,ɯtheɯspecificɯconstructionɯactivity,ɯtheɯtypesɯofɯconstructionɯ
equipment,ɯtheɯcharacteristicsɯofɯunderlyingɯsoils,ɯandɯtheɯexistingɯconditionsɯ
andɯtheɯuseɯofɯbuildingsɯisɯrequiredɯforɯaɯpreciseɯassessmentɯofɯpotentialɯ
effects.ɯɯMeasurementɯofɯexistingɯvibrationɯlevelsɯatɯsensitiveɯsitesɯalsoɯisɯ
requiredɯtoɯdetermineɯtheɯpotentialɯsensitivityɯofɯpeopleɯlivingɯinɯtheɯvicinityɯ
ofɯtheɯconstructionɯsite.ɯ

2.10.1 Annoyance Criteria 
Annoyanceɯfromɯconstructionɯvibrationɯwouldɯdependɯonɯtheɯmagnitudeɯofɯ
vibrationɯasɯwellɯasɯonɯtheɯhumanɯactivityɯinvolved.ɯɯVibrationɯproducedɯ
duringɯconstructionɯoperationsɯbecomesɯofɯconcernɯwhenɯitɯcanɯbeɯfelt.ɯɯ
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Determiningɯacceptableɯvibrationɯlevelsɯisɯoftenɯproblematicɯbecauseɯofɯitsɯ
subjectiveɯnatureɯwithɯrespectɯtoɯbeingɯaɯnuisance.ɯɯItɯisɯtheɯunpredictabilityɯ
andɯunusualɯnatureɯofɯaɯvibrationɯsource,ɯratherɯthanɯtheɯlevelɯitself,ɯthatɯisɯ
likelyɯtoɯresultɯinɯcomplaints.ɯɯTheɯeffectɯofɯintrusionɯtendsɯtoɯbeɯpsychologicalɯ
ratherɯthanɯphysiological,ɯandɯisɯmoreɯofɯaɯproblemɯatɯnight,ɯwhenɯoccupantsɯ
ofɯbuildingsɯexpectɯnoɯunusualɯdisturbanceɯfromɯexternalɯsources.ɯɯWhenɯ
vibrationɯlevelsɯfromɯanɯunusualɯsourceɯexceedɯtheɯhumanɯthresholdɯofɯ
perceptionɯ(generallyɯinɯtheɯrangeɯofɯPPVɯ0.008ɯtoɯ0.012ɯinches/second)ɯ
complaintsɯmayɯoccur,ɯevenɯthoughɯtheseɯlevelsɯareɯmuchɯlessɯthanɯwhatɯ
wouldɯresultɯfromɯslammingɯaɯdoorɯinɯaɯmodernɯmasonryɯbuilding.ɯɯPeople’sɯ
toleranceɯwillɯbeɯimprovedɯprovidedɯthatɯtheɯoriginɯofɯtheɯvibrationsɯisɯknownɯ
inɯadvanceɯandɯnoɯdamageɯresults.ɯɯ

Theɯcriteriaɯusedɯinɯdeterminingɯannoyanceɯdependɯonɯtheɯtypeɯofɯactivitiesɯ
insideɯtheɯbuildingɯasɯwellɯasɯtimeɯofɯday.ɯɯConservativeɯdesignɯcriteriaɯusedɯ
forɯassessingɯhumanɯsensitivityɯduringɯconstructionɯareɯthoseɯthatɯhaveɯbeenɯ
developedɯbyɯtheɯInternationalɯOrganizationɯforɯStandardizationɯ(ISO)ɯandɯ
theɯAmericanɯNationalɯStandardsɯInstituteɯ(ANSI).ɯɯTheseɯcriteriaɯlevelsɯareɯ
shownɯinɯExhibitɯ2ɪ9.ɯ

Exhibit 2-9.  Criteria for Annoyance Caused by Ground-borne Vibration 

Building Use Category 
Maximum Vibration 

Velocity (inches/second) Comments 
Hospitalɯandɯcriticalɯareasɯ 0.005ɯ ɯ
Residentialɯ(nighttime)ɯ 0.007ɯ ɯ
Residentialɯ(daytime)ɯ 0.01ɯ Criterionɯalsoɯappliesɯtoɯchurches,ɯ

schools,ɯhotels,ɯandɯtheatersɯ
Officeɯ 0.02ɯ Criterionɯappliesɯtoɯcommercialɯ

establishmentsɯ
Factoryɯ 0.03ɯ Criterionɯappliesɯtoɯindustrialɯ

establishmentsɯ
Source:ɯɯISOɯStandardɯ2631ɯ(1974)ɯandɯANSIɯStandardɯS3.29ɪ2001.ɯ
ɯ

2.10.2 Potential Building Damage Criteria 
Theɯprimaryɯconcernɯwithɯregardɯtoɯconstructionɯvibrationɯisɯbuildingɯ
damage.ɯɯForɯthisɯpurpose,ɯconstructionɯvibrationɯisɯgenerallyɯassessedɯinɯ
termsɯofɯPPV.ɯɯ

Thereɯareɯnoɯlocal,ɯstate,ɯorɯfederalɯrequirementsɯsimilarɯtoɯtheɯSeattleɯNoiseɯ
Ordinance;ɯnoiseɯemissionɯstandardsɯdevelopedɯbyɯtheɯEPA;ɯorɯotherɯfederal,ɯ
state,ɯandɯlocalɯagenciesɯforɯtheɯcontrolɯofɯvibrationɯduringɯconstruction.ɯɯTheɯ
potentialɯforɯcosmeticɯorɯstructuralɯdamageɯdueɯtoɯconstructionɯactivitiesɯisɯ
assessedɯonɯtheɯbasisɯofɯimpactɯcriteriaɯdevelopedɯbyɯtheɯAcousticalɯSocietyɯofɯ
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Americaɯ(“AmericanɯNationalɯStandard:ɯGuideɯtoɯEvaluationɯofɯHumanɯ
ExposureɯtoɯVibrationɯinɯBuildings,”ɯANSIɯS3.29ɪ2001),ɯtheɯInternationalɯ
StandardsɯofɯOrganizationɯ(“EvaluationɯofɯHumanɯExposureɯtoɯWholeɪBodyɯ
VibrationɯinɯBuildingsɯ(1ɪ80ɯHz)”,ɯISOɪ2361ɪ2,ɯ1989),ɯandɯtheɯFederalɯTransitɯ
Administrationɯ(FTA)ɯ(“TransitɯNoiseɯandɯVibrationɯImpactɯAssessment”,ɯ
Aprilɯ1995).ɯ

2.10.3 Vibration Criteria to Prevent Structural Damage 
ExtensiveɯstudiesɯconductedɯbyɯtheɯUnitedɯStatesɯBureauɯofɯMinesɯsuggestɯ
thatɯaɯpeakɯvibrationɯvelocityɯofɯ2ɯinchesɯperɯsecondɯshouldɯnotɯbeɯexceededɯifɯ
majorɯstructuralɯdamageɯofɯbuildingsɯisɯtoɯbeɯprevented.ɯɯPotentialɯdamageɯtoɯ
undergroundɯandɯburiedɯutilitiesɯcouldɯoccurɯatɯvibrationɯlevelsɯaboveɯ4.0ɯ
inches/secondɯ(U.S.ɯBureauɯofɯMines,ɯ1971).ɯɯCriteriaɯforɯsustainedɯ
constructionɯvibrations,ɯwhichɯareɯnormallyɯexpectedɯduringɯconstruction,ɯ
generallyɯlimitɯvibrationɯvelocitiesɯtoɯ0.5ɯtoɯ1.0ɯinchɯperɯsecond.ɯ

MoreɯcomprehensiveɯguidelinesɯareɯprovidedɯinɯSwissɯStandardɯSNɯ640312ɯ
andɯhaveɯbeenɯcheckedɯforɯconformanceɯwithɯsimilarɯvibrationɯcriteriaɯ
establishedɯbyɯtheɯAmericanɯAssociationɯofɯStateɯHighwayɯandɯ
TransportationɯOfficialsɯ(AASHTO),ɯUnitedɯStatesɯBureauɯofɯMines,ɯandɯotherɯ
relevantɯstandards.ɯɯExhibitsɯ2ɪ10ɯandɯ2ɪ11ɯrepresentɯtheɯstructuralɯcategoriesɯ
andɯvibrationɯcriteriaɯforɯuseɯinɯselectingɯappropriateɯconstructionɯvibrationɯ
limits.ɯ

Exhibit 2-10.  Structural Categories According to SN 640312 
Structural
Category Definition 

Iɯ Reinforcedɪconcreteɯandɯsteelɯstructuresɯ(withoutɯplaster)ɯsuchɯasɯindustrialɯ
buildings,ɯbridges,ɯmasts,ɯretainingɯwalls,ɯunburiedɯpipelines;ɯundergroundɯ
structuresɯsuchɯasɯcaverns,ɯtunnels,ɯgalleries,ɯlinedɯandɯunlinedɯ

IIɯ Buildingsɯwithɯconcreteɯfloorsɯandɯbasementɯwalls,ɯaboveɪgradeɯwallsɯofɯ
concrete,ɯbrickɯorɯashlarɯmasonry;ɯashlarɯretainingɯwalls,ɯburiedɯpipelines;ɯ
undergroundɯstructuresɯsuchɯasɯcaverns,ɯtunnels,ɯgalleries,ɯwithɯmasonryɯliningɯ

IIIɯ Buildingsɯwithɯconcreteɯbasementɯfloorsɯandɯwalls,ɯaboveɪgradeɯmasonryɯwalls,ɯ
timberɯjoistɯfloorsɯ

IVɯ Buildingsɯthatɯareɯparticularlyɯvulnerableɯorɯworthɯpreservingɯ
ɯ
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Exhibit 2-11.  Acceptance Criteria of SN 640312  
Continuous or Steady State Vibration Sourcesa Transient or Impact vibration SourcesbStructural

Category Frequency (Hz) Max Velocity (In/s) Frequency (Hz) Max Velocity (In/s) 
Iɯ 10–30ɯ

30–60ɯ
0.5ɯ

0.5–0.7ɯ
10–60ɯ
60–90ɯ

1.2ɯ
1.2–1.6ɯ

IIɯ 10–30ɯ
30–60ɯ

0.3ɯ
0.3–0.5ɯ

10–60ɯ
60–90ɯ

0.7ɯ
0.7–1.0ɯ

IIIɯ 10–30ɯ
30–60ɯ

0.2ɯ
0.2–0.3ɯ

10–60ɯ
60–90ɯ

0.5ɯ
0.5–0.7ɯ

IVɯ 10–30ɯ
30–60ɯ

0.12ɯ
0.12–0.2ɯ

10–60ɯ
60–90ɯ

0.3ɯ
0.3–0.5ɯ

Hzɯ=ɯhertz;ɯIn/sɯ=ɯinchesɯperɯsecondɯ
aɯɯContinuousɯorɯsteadyɯstateɯvibrationɯconsistsɯofɯequipmentɯsuchɯasɯvibratoryɯpileɯdrivers,ɯhydromills,ɯlargeɯ
pumpsɯandɯcompressors,ɯbullɯdozers,ɯtrucks,ɯcranes,ɯscrapersɯandɯotherɯlargeɯmachinery,ɯjackhammersɯandɯ
reciprocatingɯpavementɯbreakers,ɯandɯcompactors.ɯɯ
bɯɯTransientɯorɯimpactɯvibrationɯconsistsɯofɯactivitiesɯsuchɯasɯblastingɯwithɯexplosives,ɯdropɯchiselsɯforɯrockɯ
breaking,ɯbuckets,ɯimpactɯpileɯdrivers,ɯwreckingɯballsɯandɯbuildingɯdemolition,ɯgravityɯdropɯgroundɯ
compactors,ɯandɯpavementɯbreakers.ɯ
ɯ

TheɯFTAɯguidanceɯonɯvibrationɯdamageɯthresholdɯcoversɯ‘fragileɯbuildings’ɯ
(0.20ɯinches/secondɯPPV)ɯandɯ‘extremelyɯfragileɯhistoricɯbuildings’ɯ(0.12ɯ
inches/secondɯPPV),ɯwhichɯrelateɯtoɯbuildingɯcategoryɯIVɯofɯtheɯSwissɯ
Standardɯforɯ‘particularlyɯhighɯsensitivity’ɯbuildings.ɯɯTheɯmajorityɯofɯ
buildingsɯalongɯtheɯproposedɯalignment,ɯwhichɯareɯnonɪfragile,ɯareɯcoveredɯ
byɯbuildingɯcategoriesɯIIɯorɯIII,ɯforɯlowɯorɯaverageɯsensitivity.ɯɯ

2.10.4 Vibration Criteria Adopted for this Project 
BecauseɯFHWA,ɯWSDOT,ɯandɯtheɯCityɯofɯSeattleɯdoɯnotɯhaveɯspecificɯ
vibrationɯimpactɯcriteria,ɯaɯvibrationɯimpactɯcriterionɯofɯ0.12ɯinches/secondɯ
PPVɯhasɯbeenɯadoptedɯforɯextremelyɯfragileɯstructuresɯandɯ0.50ɯinches/secondɯ
forɯallɯotherɯoccupiedɯbuildings.ɯɯTheseɯcriteriaɯareɯconsistentɯwithɯFTAɯ
criteriaɯandɯisɯprotectiveɯofɯpotentiallyɯfragileɯhistoricɯstructures.ɯɯStructuresɯinɯ
theɯprojectɯareaɯthatɯmayɯbeɯextremelyɯfragileɯincludeɯunrestoredɯareaways,ɯ
theɯspacesɯbeneathɯtheɯsidewalksɯofɯolderɯbuildings,ɯandɯhistoricɯbuildingsɯ
thatɯhaveɯnotɯbeenɯstructurallyɯretrofitted.ɯTheɯdamageɯcriterionɯforɯɯ
undergroundɯburiedɯstructuresɯisɯaɯPPVɯofɯ4.0ɯinches/second.ɯɯOlderɯcastɪironɯ
waterɯmainsɯmayɯbeɯmoreɯsensitiveɯthanɯotherɯutilities;ɯtherefore,ɯaɯprotectiveɯ
damageɯriskɯcriteriaɯofɯ0.5ɯinches/secondɯisɯbeingɯusedɯforɯolderɯcastɪironɯ
waterɯmainsɯ(SeattleɯPublicɯUtilitiesɯstandard).ɯ
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2.11  Coordination With Agencies and Jurisdictions 
NoiseɯandɯvibrationɯmethodsɯandɯanalysisɯwereɯdevelopedɯforɯtheɯAlaskanɯ
WayɯViaductɯandɯSeawallɯReplacementɯProjectɯinɯcoordinationɯwithɯWSDOT,ɯ
theɯCityɯofɯSeattle,ɯKingɯCounty,ɯandɯFHWA.ɯɯDuringɯAprilɯofɯ2002,ɯaɯnoiseɯ
andɯvibrationɯanalysisɯapproachɯwasɯdistributedɯtoɯtheseɯagenciesɯforɯreviewɯ
andɯcomment.ɯɯOnɯAprilɯ17,ɯ2002,ɯtheɯapproachɯwasɯpresentedɯtoɯacousticɯstaffɯ
fromɯWSDOT,ɯtheɯCityɯofɯSeattle,ɯandɯKingɯCountyɯforɯcommentɯandɯ
discussion.ɯɯInputɯfromɯtheseɯagenciesɯwasɯincorporatedɯintoɯtheɯapproachɯ
usedɯinɯthisɯstudy.ɯɯOnɯJulyɯ23,ɯ2003,ɯanɯupdateɯwasɯpresentedɯtoɯWSDOTɯandɯ
CityɯofɯSeattleɯstaff.ɯɯMonitoringɯresultsɯwereɯdistributedɯtoɯWSDOTɯandɯcityɯ
ofɯSeattleɯstaffɯonɯAugustɯ26,ɯ2003ɯtoɯsolicitɯanyɯcommentsɯonɯfieldɯdataɯpriorɯ
toɯcompletionɯofɯtheɯnoiseɯtechnicalɯanalysis.ɯɯInputsɯfromɯtheseɯagenciesɯwereɯ
incorporatedɯintoɯtheɯstudy.ɯ

ɯ
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Chapter 3 METHODOLOGY

3.1  Noise 
Ambientɯnoiseɯlevelsɯinɯtheɯprojectɯareaɯwereɯmeasuredɯtoɯdescribeɯtheɯ
existingɯnoiseɯenvironment,ɯidentifyɯmajorɯnoiseɯsources,ɯandɯvalidateɯtheɯ
trafficɯnoiseɯmodel.ɯɯAmbientɯnoiseɯlevelsɯwereɯmeasuredɯatɯseveralɯlocationsɯ
nearɯtheɯprojectɯareaɯtoɯcharacterizeɯweekdayɯnoiseɯlevelsɯ(USDOTɯ1996).ɯɯAtɯ
mostɯlocations,ɯoneɯorɯmoreɯ15ɪminuteɯmeasurementsɯwereɯtakenɯwithɯanɯ
LDɯ820ɯorɯBKɯ2231ɯnoiseɯmeterɯtoɯestimateɯtheɯLeq(h)ɯatɯvariousɯtimesɯofɯday.ɯɯ
TwentyɪfourɪhourɯnoiseɯmeasurementsɯwereɯtakenɯwithɯLDɯ720ɯloggingɯnoiseɯ
metersɯatɯseveralɯadditionalɯlocationsɯtoɯcharacterizeɯtheɯdailyɯsoundɯ
environment.ɯɯFifteenɪminuteɯnoiseɯmeasurementsɯwereɯtakenɯatɯgroundɯlevel,ɯ
whileɯ24ɪhourɯmeasurementsɯwereɯtakenɯeitherɯonɯbalconiesɯorɯbuildingɯroofs,ɯ
dependingɯonɯavailabilityɯofɯaccess.ɯ

Theɯmeasurementɯlocationsɯrepresentɯaɯvarietyɯofɯnoiseɯconditionsɯandɯareɯ
representativeɯofɯotherɯsensitiveɯreceptorsɯnearɯtheɯproposedɯproject.ɯɯExistingɯ
andɯfutureɯnoiseɯlevelsɯforɯtheɯvariousɯBuildɯandɯNoɯBuildɯAlternativesɯwereɯ
modeledɯatɯtheɯmonitoringɯlocations.ɯ

TheɯFHWAɅsɯTrafficɯNoiseɯModelɯ(TNM)ɯVersionɯ2.1ɯcomputerɯmodelɯ(FHWAɯ
2003)ɯwasɯusedɯtoɯpredictɯLeq(h)ɯtrafficɯnoiseɯlevels.ɯɯTheɯTNMɯisɯusedɯtoɯ
obtainɯpreciseɯnoiseɯlevelɯestimatesɯatɯdiscreteɯpoints,ɯbyɯconsideringɯ
interactionsɯbetweenɯdifferentɯnoiseɯsourcesɯandɯtheɯeffectsɯofɯtopographicalɯ
featuresɯonɯtheɯnoiseɯpropagation.ɯɯTheɯmodelɯestimatesɯtheɯacousticɯintensityɯ
atɯaɯreceiverɯlocation,ɯcalculatedɯfromɯaɯseriesɯofɯstraightɪlineɯroadwayɯ
segmentsɯ(USDOTɯ1998).ɯɯNoiseɯemissionsɯfromɯfreeɪflowingɯtrafficɯdependɯonɯ
theɯnumberɯofɯautomobiles,ɯmediumɯtrucks,ɯandɯheavyɯtrucksɯperɯhour;ɯ
vehicularɯspeed;ɯandɯreferenceɯnoiseɯemissionɯlevelsɯofɯanɯindividualɯvehicle.ɯɯ
ModeledɯtrafficɯvolumesɯusedɯinɯTNMɯareɯincludedɯinɯAttachmentɯC.ɯɯTNMɯ
alsoɯconsidersɯtheɯeffectsɯofɯinterveningɯbarriers,ɯtopography,ɯtrees,ɯandɯ
atmosphericɯabsorption.ɯɯɯ

TNMɯwasɯusedɯtoɯmodelɯtheɯloudestɯtrafficɯnoiseɯhourɯofɯtheɯday.ɯɯTheɯloudestɯ
trafficɯnoiseɯperiodɯoccursɯwhenɯtrafficɯvolumesɯareɯhigh,ɯbutɯlowerɯthanɯtheɯ
trafficɯvolumeɯthatɯwouldɯcauseɯtrafficɯcongestionɯtoɯreduceɯaverageɯspeedɯ
substantiallyɯbelowɯtheɯspeedɯlimit.ɯɯTheɯanalysisɯstartedɯwithɯtheɯp.m.ɯpeakɯ
hourɯtrafficɯvolumes;ɯwhereɯtheɯvolumesɯexceededɯroadwayɯcapacity,ɯtheyɯ
wereɯadjustedɯdownwardɯtoɯmaintainɯtrafficɯspeed.ɯɯ

DXFɯformatɯcomputerɯdesignɯfilesɯwereɯexportedɯfromɯMicrostationɯandɯ
importedɯintoɯTNMɯwithɯmajorɯroadways,ɯtopographicalɯfeatures,ɯbuildingɯ
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rows,ɯandɯsensitiveɯreceptorsɯdigitizedɯintoɯtheɯmodel.ɯɯElevationsɯwereɯaddedɯ
fromɯtheɯtopographicɯcontourɯdata.ɯɯElevationsɯforɯplannedɯimprovementsɯ
wereɯtakenɯfromɯdesignɯprofiles.ɯɯTheɯnoiseɯmodelɯextendedɯapproximatelyɯ
threeɯblocksɯeitherɯsideɯofɯSRɯ99ɯfromɯtheɯvicinityɯofɯS.ɯRoyalɯBroughamɯWayɯ
toɯWardɯStreet.ɯ

Theɯroadway,ɯtransit,ɯandɯpedestrianɯconfigurationɯalongɯSeattle’sɯcentralɯ
waterfrontɯwouldɯchangeɯconsiderablyɯunderɯsomeɯofɯtheɯalternatives.ɯɯɯ

NoiseɯfromɯsourcesɯotherɯthanɯtrafficɯisɯnotɯincludedɯinɯTNM;ɯtherefore,ɯwhenɯ
nonɪtrafficɯnoiseɯsuchɯasɯaircraftɯisɯconsiderableɯinɯanɯarea,ɯTNMɯwillɯunderɪ
predictɯtheɯactualɯnoiseɯlevel.ɯɯComparisonɯofɯmeasuredɯnoiseɯlevelsɯtoɯtheɯ
modeledɯresultsɯdemonstratedɯseveralɯimportantɯaspectsɯofɯtheɯsoundɯ
environmentɯinɯtheɯvicinityɯofɯtheɯAlaskanɯWayɯViaduct.ɯɯTheɯmostɯimportantɯ
aspectsɯareɯtheɯfollowing:ɯ

¶ Ifɯunadjusted,ɯTNMɯunderpredictsɯtrafficɯnoiseɯfromɯtheɯexistingɯ
AlaskanɯWayɯViaductɯbecauseɯitɯdoesɯnotɯinherentlyɯincludeɯtheɯeffectsɯ
ofɯreflectedɯtrafficɯnoiseɯfromɯtheɯupperɯdeckɯofɯtheɯviaduct.ɯ

¶ Trafficɯnoiseɯisɯonlyɯoneɯaspectɯofɯtheɯurbanɯnoiseɯenvironmentɯinɯ
downtownɯSeattle.ɯɯTNMɯunderpredictsɯtheɯtotalɯsoundɯlevelɯinɯtheɯ
audibleɯenvironment.ɯ

WSDOTɯhasɯpreviouslyɯrecognizedɯthatɯreflectedɯnoiseɯfromɯdoubleɪlevelɯ
structuresɯisɯneglectedɯinɯnoiseɯmodelingɯsoftwareɯ(WSDOTɯ1992).ɯɯToɯ
quantifyɯtheɯeffectsɯofɯnoiseɯreflectionsɯfromɯtheɯAlaskanɯWayɯViaduct,ɯnoiseɯ
measurementsɯwereɯusedɯtoɯquantifyɯtheɯreflectedɯnoise.ɯɯTheɯmeasurementsɯ
wereɯthenɯusedɯtoɯcalibrateɯtheɯmodelɯbyɯaddingɯaɯvirtualɯnoiseɯsourceɯtoɯ
representɯtheɯreflectedɯnoise.ɯɯWSDOTɯhasɯpreviouslyɯusedɯthisɯapproachɯtoɯ
evaluateɯnoiseɯfromɯtheɯviaductɯandɯtheɯIɪ5ɯShipɯCanalɯBridgeɯ(WSDOTɯ1992).ɯ

AɯseriesɯofɯnoiseɯmeasurementsɯwereɯtakenɯinɯcloseɯproximityɯtoɯtheɯAlaskanɯ
WayɯViaductɯwhenɯitɯwasɯopenɯtoɯtrafficɯinɯbothɯdirections,ɯwhenɯonlyɯtheɯ
northboundɯlanesɯ(upperɯdeck)ɯwereɯopen,ɯandɯwhenɯitɯwasɯclosedɯtoɯtrafficɯ
(Exhibitɯ3ɪ1).ɯɯComparisonɯofɯtheseɯmeasurementsɯshowsɯthatɯtheɯaverageɯ
noiseɯlevelsɯinɯtheɯvicinityɯofɯtheɯviaductɯareɯmoreɯthanɯ10ɯdBAɯgreaterɯwhenɯ
theɯviaductɯisɯopenɯthanɯwhenɯitɯisɯclosed,ɯandɯapproximatelyɯ5ɯtoɯ7ɯdBAɯ
greaterɯwhenɯbothɯdirectionsɯofɯtravelɯareɯopenɯcomparedɯtoɯonlyɯtheɯ
northboundɯdirectionɯbeingɯopen.ɯɯTheɯmeasurementsɯtakenɯwithɯtheɯviaductɯ
closedɯrepresentɯtheɯbackgroundɯambientɯsoundɯlevel,ɯincludingɯbothɯtrafficɯ
andɯotherɯsoundɯsources,ɯthatɯwouldɯoccurɯifɯtheɯviaductɯdidɯnotɯexist.ɯ

TheɯresultsɯpresentedɯinɯExhibitɯ3ɪ1ɯareɯsimilarɯtoɯWSDOT’sɯ1992ɯfindingsɯthatɯ
trafficɯnoiseɯlevelsɯwereɯbetweenɯ6ɯandɯ9ɯdBAɯgreaterɯwithɯtheɯentireɯviaductɯ
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openɯthanɯonlyɯtheɯnorthboundɯlanes,ɯbutɯtheɯlevelsɯwithɯonlyɯtheɯsouthboundɯ
lanesɯopenɯwereɯwithinɯ2ɯdBAɯofɯbothɯdirectionsɯopenɯ(WSDOTɯ1992).ɯ

Exhibit 3-1.  Noise Measurement Results with Viaduct Open and Closed 
Location Date Status Leq

Marchɯ23,ɯ2003ɯ Northboundɯonlyɯ 74ɯdBAɯC1.ɯɯBikeɯpathɯunderɯ
ViaductɯatɯFireɯStationɯ
Numberɯ5ɯ

Marchɯ25,ɯ2003ɯ Northboundɯandɯ
southboundɯopenɯ

79ɯdBAɯ

Marchɯ23,ɯ2003ɯ Northboundɯonlyɯ 73ɯdBAɯC2.ɯɯSidewalkɯatɯFireɯStationɯ
Numberɯ5ɯ Marchɯ25,ɯ2003ɯ Northboundɯandɯ

southboundɯopenɯ
77ɯdBAɯ

Marchɯ23,ɯ2002ɯ Closedɯ 71ɯdBAɯC3.ɯɯCornerɯofɯSpringɯStreetɯ
andɯAlaskanɯWayɯ Septemberɯ3,ɯ2003ɯ Northboundɯandɯ

southboundɯopenɯ
78ɯdBAɯ

Marchɯ22,ɯ2003ɯ Closedɯ 60ɯdBAɯ

Marchɯ23,ɯ2003ɯ Northboundɯonlyɯ 74ɯdBAɯ

C4.ɯɯSidewalkɯeastɯsideɯofɯ
ViaductɯbetweenɯSenecaɯ
andɯSpringɯStreetsɯ

Marchɯ25,ɯ2003ɯ Northboundɯandɯ
southboundɯopenɯ

77ɯdBAɯ

Marchɯ22,ɯ2003ɯ Closedɯ 65ɯdBAɯ

Marchɯ23,ɯ2003ɯ Northboundɯonlyɯ 74ɯdBAɯ

C5.ɯɯSenecaɯStreet,ɯbetweenɯ
WesternɯAvenueɯandɯtheɯ
Viaductɯ

Marchɯ25,ɯ2003ɯ Northboundɯandɯ
southboundɯopenɯ

77ɯdBAɯ

Marchɯ23,ɯ2002ɯ Closedɯ 60ɯdBAɯ

Marchɯ22,ɯ2003ɯ Closedɯ 59ɯdBAɯ

Marchɯ23,ɯ2003ɯ Northboundɯonlyɯ 68ɯdBAɯ

C6.ɯɯWaterfrontɯParkɯ
boardwalkɯ

Marchɯ25,ɯ2003ɯ Northboundɯandɯ
southboundɯopenɯ

72ɯdBAɯ

Marchɯ22,ɯ2003ɯ Closedɯ 70ɯdBAɯ

Marchɯ23,ɯ2003ɯ Northboundɯonlyɯ 74ɯdBAɯ

C7.ɯɯWaterfrontɯParkɯ
sidewalkɯ

Marchɯ25,ɯ2003ɯ Northboundɯandɯ
southboundɯopenɯ

76ɯdBAɯ

Marchɯ23,ɯ2002ɯ Closedɯ 66ɯdBAɯC8.ɯɯHarborɯStepsɯ

Mayɯ16,ɯ2002ɯ Northboundɯandɯ
southboundɯopenɯ

72ɯdBAɯ

Marchɯ23,ɯ2002ɯ Closedɯ 62ɯdBAɯC9.ɯɯWaterfrontɯLandingɯ
Condosɯ Mayɯ16,ɯ2002ɯ Northboundɯandɯ

southboundɯopenɯ
75ɯdBAɯ
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Location Date Status Leq

Marchɯ23,ɯ2002ɯ Closedɯ 62ɯdBAɯC10.ɯɯVictorɯSteinbrueckɯ
Parkɯ Julyɯ31,ɯ2002ɯ Northboundɯandɯ

southboundɯopenɯ
81ɯdBAɯ

ɯ
ɯ

WhenɯinitiallyɯmodeledɯinɯTNM,ɯtheɯeffectsɯofɯAlaskanɯWayɯViaductɯwereɯ
underpredictedɯbyɯ3ɯtoɯ8ɯdBAɯbecauseɯtheɯmodelɯneglectsɯallɯofɯtheɯnoiseɯthatɯ
isɯreflectedɯoffɯtheɯbottomɯofɯtheɯupperɯdeckɯandɯthatɯisɯtransmittedɯthroughɯ
theɯviaductɯstructure.ɯɯToɯaccountɯforɯthisɯadditionalɯnoiseɯthatɯisɯneglectedɯinɯ
theɯmodel,ɯvirtualɯtrafficɯlanesɯ1ɯfootɯwideɯwereɯplacedɯatɯbothɯedgesɯofɯtheɯ
upperɯdeckɯofɯtheɯAlaskanɯWayɯViaduct.ɯɯTheɯtrafficɯvolumesɯmodeledɯforɯtheɯ
southboundɯdirectionɯwereɯdividedɯbyɯtwoɯandɯsplitɯbetweenɯtheɯtwoɯvirtualɯ
lanes.ɯɯWithinɯtheɯTNMɯmodel,ɯthisɯapproachɯsimulatedɯnoiseɯgeneratedɯbyɯ
theɯsouthboundɯtrafficɯreflectingɯoffɯofɯtheɯupperɯdeckɯandɯpropagatingɯoutɯinɯ
bothɯdirectionsɯfromɯtheɯstructure.ɯɯOnceɯtheseɯvirtualɯroadwaysɯwereɯappliedɯ
toɯtheɯmodel,ɯtheɯTNMɯmodelɯresultsɯforɯnoiseɯreceptorsɯinɯcloseɯproximityɯtoɯ
theɯAlaskanɯWayɯViaductɯwereɯwithinɯ2ɯdBAɯofɯmeasuredɯvaluesɯwhenɯtheɯ
fieldɯtrafficɯcountsɯwereɯusedɯinɯtheɯmodel.ɯ

Trafficɯnoiseɯisɯonlyɯoneɯaspectɯofɯtheɯcomplex,ɯurbanɯacousticɯenvironment.ɯɯ
Noiseɯmeasurementɯresultsɯwereɯgreaterɯthanɯmodeledɯtrafficɯnoiseɯlevelsɯatɯ
everyɯlocationɯwithinɯtheɯprojectɯareaɯbecauseɯofɯvariousɯotherɯnoiseɯsources,ɯ
includingɯpedestrianɯstreetɯactivity,ɯaircraft,ɯsirens,ɯbusinessɯandɯcommercialɯ
noise,ɯandɯequipmentɯnoiseɯfromɯnearbyɯbuildings.ɯɯBuildingɯwallsɯalsoɯ
producedɯsoundɯreflectionsɯinɯsomeɯpartsɯofɯtheɯstudyɯarea.ɯɯBecauseɯofɯtheseɯ
additionalɯnoiseɯsources,ɯtheɯmeasuredɯsoundɯlevelsɯmoreɯthanɯoneɯtoɯtwoɯ
blocksɯawayɯfromɯtheɯAlaskanɯWayɯViaductɯaveragedɯ1ɯorɯ2ɯdBAɯgreaterɯthanɯ
theɯmodeledɯtrafficɯnoiseɯlevels.ɯ

Toɯdetermineɯtheɯnumberɯofɯnoiseɪsensitiveɯreceptors,ɯaɯbuildingɯsurveyɯwasɯ
conductedɯofɯbuildingsɯwithinɯtwoɯblocksɯofɯproposedɯlongɪtermɯ
improvements.ɯɯForɯanyɯbuildingsɯthatɯhousedɯsensitiveɯusesɯ(Activityɯ
CategoriesɯBɯandɯE),ɯtheɯtypeɯofɯuse,ɯnumberɯofɯbuildingɯfloors,ɯpresenceɯofɯ
balconiesɯorɯopeningɯwindows,ɯandɯnumberɯofɯresidentialɯunitsɯorɯotherɯ
sensitiveɯusesɯinɯtheɯbuildingsɯwasɯcollected.ɯɯThisɯdataɯwasɯusedɯtoɯestimateɯ
theɯnumberɯofɯsensitiveɯreceptorsɯrepresentedɯbyɯeachɯmodeledɯnoiseɯ
receptor.ɯɯThisɯdataɯisɯincludedɯinɯChapterɯ4,ɯAffectedɯEnvironment.ɯ
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3.2  Vibration 
Existingɯvibrationɯlevelsɯwereɯmeasuredɯatɯfourɯlocationsɯnearɯtheɯexistingɯ
viaductɯusingɯtheɯfollowingɯequipment:ɯ

¶ LarsonɯDavisɯModelɯ2900ɯ1/3ɯOctaveɯBandɯRealɯTimeɯAnalyzerɯ
¶ PCBɯModelɯ393A03ɯICPɯAccelerometerɯ
¶ PCBɯModelɯ699A02ɯHandɯHeldɯShakerɯ(Calibrator)ɯ

Atɯeachɯofɯtheɯmeasurementɯsitesɯtheɯvibrationɯlevelsɯofɯdifferentɯheavyɯtruckɯ
passbysɯwereɯmonitoredɯtoɯdetermineɯtheɯmaximumɯrmsɯvibrationɯvelocityɯ
levelsɯgeneratedɯbyɯtheseɯevents.ɯɯɯɯTheseɯmeasurementsɯwereɯusedɯasɯaɯ
baselineɯforɯevaluationɯofɯtheɯfutureɯpotentialɯforɯoperationalɯvibrationɯ
impacts.ɯ

Theɯpotentialɯforɯconstructionɯvibrationɯimpactsɯwasɯestimatedɯfromɯpriorɯ
measurementsɯofɯconstructionɯequipment.ɯɯTheɯreferenceɯvibrationɯdataɯusedɯ
forɯthisɯanalysisɯwasɯtakenɯfromɯtheɯavailableɯliteratureɯ(seeɯChapterɯ9ɯforɯ
references)ɯandɯsupplementedɯbyɯmeasurementsɯconductedɯbyɯParsonsɯ
Brinckerhoffɯonɯotherɯconstructionɯprojects.ɯɯTheɯdataɯwasɯusedɯtoɯestablishɯaɯ
distanceɯbeyondɯwhichɯconstructionɯactivitiesɯwouldɯnotɯcauseɯdamageɯtoɯ
sensitiveɯstructures.ɯ

ɯ
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Chapter 4 AFFECTED ENVIRONMENT

4.1  Study Area Characteristics 
Theɯprojectɯstudyɯareaɯevaluatedɯforɯnoiseɯandɯvibrationɯimpactsɯincludesɯ
areasɯlikelyɯtoɯbeɯaffectedɯbyɯchangesɯinɯtrafficɯorɯmechanicalɯventilationɯnoiseɯ
underɯtheɯvariousɯalternativesɯandɯareasɯlikelyɯtoɯbeɯaffectedɯbyɯconstructionɯ
noiseɯorɯvibrationɯduringɯconstruction.ɯɯTheɯstudyɯareaɯextendsɯapproximatelyɯ
threeɯblocksɯeitherɯsideɯofɯSRɯ99ɯfromɯtheɯvicinityɯofɯS.ɯRoyalɯBroughamɯWayɯ
toɯWardɯStreet.ɯ

TheɯstudyɯareaɯrunsɯthroughɯtheɯdowntownɯcoreɯofɯSeattleɯandɯseveralɯsubɪ
areasɯ(Exhibitɯ4ɪ1).ɯɯLandɯuseɯinɯtheɯareaɯrangesɯfromɯlowɪriseɯlightɯindustrialɯ
toɯhighɪriseɯofficeɯtowers.ɯɯPortionsɯofɯtheɯstudyɯareaɯincludeɯresidentialɯ
zoning,ɯsuchɯasɯBelltownɯandɯwestɯofɯtheɯAlaskanɯWayɯViaductɯinɯtheɯvicinityɯ
ofɯWardɯStreet.ɯɯNoiseɪsensitiveɯusesɯincludeɯresidences,ɯhotels,ɯmotels,ɯparks,ɯ
socialɯservices,ɯandɯdaycareɯproviders.ɯɯThereɯareɯseveralɯold,ɯvibrationɪ
sensitiveɯstructuresɯadjacentɯtoɯtheɯexistingɯAlaskanɯWayɯViaduct.ɯ

Thereɯareɯresidentialɯorɯhotelɯusesɯnearɯbothɯtheɯsouthɯandɯnorthɯportalsɯofɯtheɯ
existingɯBatteryɯStreetɯTunnel.ɯɯLandɯusesɯnearɯtheɯsouthɯportalɯandɯKingɯ
StreetɯventilationɯbuildingɯthatɯwouldɯbeɯconstructedɯunderɯtheɯTunnelɯandɯ
BypassɯTunnelɯAlternativesɯareɯcommercialɯandɯindustrial.ɯɯLandɯusesɯnearɯ
theɯnorthɯportalɯandɯYeslerɯWay,ɯSpringɯStreet,ɯandɯPikeɯStreetɯventilationɯ
buildingsɯincludeɯresidentialɯuses.ɯ

Aɯdetailedɯdescriptionɯofɯtheɯlandɯuseɯwithinɯtheɯstudyɯareaɯisɯprovidedɯinɯ
AppendixɯG,ɯLandɯUseɯandɯShorelinesɯTechnicalɯMemorandum.ɯɯɯ

4.2  Existing Noise Environment 
Bothɯshortɪtermɯandɯ24ɪhourɯnoiseɯmeasurementsɯwereɯtakenɯthroughoutɯtheɯ
projectɯareaɯtoɯdescribeɯtheɯexistingɯacousticalɯenvironment.ɯɯMeasuredɯ
outdoorɯLdnɯsoundɯlevelsɯ(Exhibitɯ4ɪ2)ɯgenerallyɯrangedɯbetweenɯthoseɯtypicalɯ
ofɯurbanɯtoɯdowntownɯmajorɯmetropolitanɯareasɯ(seeɯExhibitɯ2ɪ5).ɯɯBothɯshortɪ
termɯandɯ24ɪhourɯnoiseɯmeasurementsɯwereɯtakenɯinɯtheɯstudyɯareaɯtoɯ
characterizeɯtheɯoverallɯacousticɯenvironment,ɯevaluateɯtheɯtransportationɯ
noiseɯcomponentɯofɯtheɯenvironment,ɯandɯvalidateɯtheɯTrafficɯNoiseɯModel.ɯɯ
MonitoringɯsitesɯareɯshownɯinɯExhibitsɯ4ɪ3ɯandɯ4ɪ4.ɯɯɯ
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Exhibit 4-2.  Twenty-four Hour Noise Measurement Results 

Location Ldn

Loudest Hour 
Leq(h) Time of Day 

T1ɯ FlorentineɯCondominiumsɯ 78ɯ 85ɯ 4ɯp.m.ɯ

T2ɯ HarborɯStepsɯApartmentsɯ 78ɯ 84ɯ 7ɯp.m.ɯ

T3ɯ WaterfrontɯLandingɯCondominiumsɯ 80ɯ 80ɯ 7ɯa.m.ɯ

T4ɯ ElliottɯPointɯApartmentsɯ 83ɯ 83ɯ 8ɯa.m.ɯ

T5ɯ BelltownɯLoftɯCondominiumsɯ 75ɯ 80ɯ 10ɯa.m.ɯ

T6ɯ Siteɯ17ɯApartmentsɯ 72ɯ 73ɯ 5ɯp.m.ɯ

T7ɯ PortɯofɯSeattleɯ 75ɯ 76ɯ 6ɯp.m.ɯ

T8ɯ AvalonɯBelltownɯApartmentsɯ 71ɯ 76ɯ 7ɯa.m.ɯ

T9ɯ GroupɯHealthɯatɯBatteryɯStreetɯ 72ɯ 77ɯ 11ɯa.m.ɯ

T10ɯ GroupɯHealthɯatɯWallɯStreetɯ 72ɯ 77ɯ 11ɯa.m.ɯ

T11ɯ AntiochɯUniversityɯ 75ɯ 75ɯ 7ɯp.m.ɯ

T12ɯ PacificɯScienceɯCenterɯ 75ɯ 75ɯ 3ɯp.m.ɯ

T13ɯ SeattleɯInnɯ 77ɯ 78ɯ 11ɯa.m.ɯ
ɯ
ɯ

Noiseɯreceptorɯdesignationsɯreflectɯtheɯtypeɯandɯpurposeɯofɯtheɯnoiseɯ
measurementɯtakenɯatɯtheɯlocation.ɯɯReceptorsɯwithɯaɯ“T”ɯdenoteɯ24ɪhourɯ
measurementɯlocations,ɯwithɯanɯ“S”ɯdenoteɯshortɪtermɯmeasurementɯ
locations,ɯandɯwithɯaɯ“C”ɯdenoteɯlocationsɯwhereɯmeasurementsɯwereɯtakenɯ
withɯtheɯviaductɯclosed.ɯɯSomeɯlocationsɯ(S1ɯandɯT1ɯforɯexample)ɯrepresentɯ
twoɯmeasurementɯtypesɯtakenɯinɯcloseɯproximity.ɯ

Theɯdailyɯnoiseɯprofilesɯforɯseveralɯrepresentativeɯsitesɯinɯtheɯstudyɯareɯshownɯ
inɯExhibitɯ4ɪ5.ɯɯInɯgeneral,ɯtheɯstudyɯareaɯhasɯaɯrelativelyɯhighɯoverallɯnoiseɯ
levelɯthatɯtendsɯtoɯbeɯaboutɯ10ɯdBAɯquieterɯduringɯnighttimeɯandɯearlyɯ
morningɯhoursɯ(midnightɯtoɯ6ɯa.m.)ɯthanɯduringɯtheɯrestɯofɯtheɯday.ɯɯMeasuredɯ
dailyɯLdnɯsoundɯlevelsɯrangedɯbetweenɯ71ɯandɯ83ɯdBAɯatɯtheɯ13ɯreceptorsɯ
whereɯ24ɪhourɯnoiseɯmeasurementsɯwereɯtakenɯ(seeɯExhibitɯ4ɪ2).ɯɯɯ



4t
h

A
ve

S

E
M

ar
gi

na
l

W
ay

S

S Atlantic St

S Royal Brougham Way

1s
t  

A
ve

  S

A
la

sk
an

  W
ay

  S

Airport Way
S

S  King  St

Yesler

Columbia St

Seneca St
Union

St

1s
t

Alaskan W
ay

Alaskan W
ay Viaduct

4th

A
la

sk
an

  W
ay

  V
ia

du
ct

5t
h

A
ve

S

Av
e

S

2n
d

Av
e

S

Way

Ave

3rd

Ave

2nd

Ave

Ave

1st

5th

Ave

SAFECO
Field

Exhibit 4-3
Noise Measurement
Locations - Central

W
estern Ave

SCALE IN FEET

0 400 800

Alaskan Way Viaduct 554-1585-025/06(0620) 9/03 (K)

Short Term Measurement

Twenty-four Hour Measurement

Closed Viaduct Measurement

Puget

Sound

5

90

5

S18

S16

S17

C6
C7

S15 S14
C3

C2 C1

T2

Terminal 46

Pike St

Madison St

Marion St

Colman Curve

Pier 49

Terminal 46

Colman
Dock

S11

S12

S13

S9

S10

S8

S5

S6

S7

S4

S3

S2

S1

T1

S14

T2
C5

C4
C5

C8



1st
Ave

Q
ue

en

Batt
ery

W
estlake

B
or

en

A
ur

or
a

D
ex

te
r

9t
h

W
es

tla
ke

Bro
ad

Denny Wy Ta
yl

or

Olive
Wy

Stew
art

Pike
St

4th
Elliott

Way

y

6t
h

Ced
ar

A
ur

or
a

Aloha

Valley

4t
h

Ward

Roy

Mercer

SEATTLE  CENTER

2nd
Ave

3rd
Ave

4th
Ave

5th
 Ave

St

Ave

St

A
ve

N

Ave

5th

Ave

Ave

7th

Ave

3rd
Ave

Ave

2nd

8th

Ave

Ave

1st

St

Av
e

N

Av
e

N Av
e

N

St

5t
h

Av
e

N

Av
e

N
Denny

A
nn

e
A

ve
N

St

1s
t

A
ve

St

Alaskan

Union
St

St

St

Av
e

N

St

St

A
ve

N

Av
e

N

Av
e

N

Fa
irv

ie
w

Av
e

N

Wy

Av
e

N

L a k e   U n i o n

Alaskan

Viaduct

Way

99

Exhibit 4-4
Noise Measurement
Locations - North

6th

E l l i o t t    B a y

SCALE IN FEET

0 400 800

Alaskan Way Viaduct 554-1585-025/06(0620) 8/03 (K)

Short Term Measurement

Twenty-four Hour Measurement

Closed Viaduct Measurement

S30 S29

S28

A27

S26

S25

S24

T14

S23

T9

S21

T11
T10

T12

T8

S22

T6T7

T5

T4

C10

C9

S20

S19
T3

S14

T2
C5

T13



ɯ

SRɯ99:ɯAlaskanɯWayɯViaductɯ&ɯSeawallɯReplacementɯProjectɯ Marchɯ2004ɯ
NoiseɯandɯVibrationɯDisciplineɯReportɯ 34ɯ
DraftɯEISɯ

Exhibit 4-5.  Daily Noise Patterns at Select Study Area Sites 
DaytimeɯLeqɯsoundɯlevelsɯmeasuredɯinɯtheɯprojectɯareaɯrangedɯbetweenɯ57ɯandɯ
81ɯdBAɯ(Exhibitsɯ4ɪ6ɯandɯ4ɪ7).ɯɯAtɯseveralɯlocations,ɯtheɯmeasuredɯtotalɯnoiseɯ
levelɯexceededɯWSDOT’sɯsevereɯimpactɯcriteriaɯofɯ75ɯdBAɯforɯtrafficɯnoiseɯatɯ
noiseɪsensitiveɯreceptors.ɯɯTheɯWashingtonɯStreetɯBoatɯLandingɯ(S5),ɯSeattleɯ
Aquariumɯ(S17),ɯandɯVictorɯSteinbrueckɯParkɯ(S19)ɯareɯthreeɯsuchɯlocations.ɯɯɯ

TheɯTNMɯwasɯusedɯtoɯevaluateɯtheɯroadwayɯnoiseɯportionɯofɯtheɯacousticɯ
environment.ɯɯTheɯp.m.ɯpeakɯtrafficɯvolumesɯwereɯenteredɯintoɯtheɯexistingɯ
conditionsɯnoiseɯmodel,ɯalongɯwithɯtransitɯbusɯandɯtruckɯpercentagesɯ
appropriateɯtoɯeachɯofɯtheɯdowntownɯstreets.ɯɯModeledɯexistingɯloudestɯhourɯ
Leq(h)ɯtrafficɯnoiseɯlevelsɯvariedɯbetweenɯ59ɯandɯ79ɯdBAɯ(Exhibitsɯ4ɪ8ɯandɯ4ɪ9).ɯɯ
ExistingɯtrafficɯnoiseɯlevelsɯwereɯmodeledɯtoɯapproachɯorɯexceedɯtheɯFHWAɯ
noiseɯabatementɯcriteriaɯatɯ43ɯofɯtheɯ48ɯmodeledɯsites.ɯɯTheɯmodeledɯtrafficɪ
onlyɯnoiseɯlevelɯatɯfourɯsitesɯcurrentlyɯexceedsɯtheɯsevereɯnoiseɯimpactɯcriteria.ɯɯ
Theɯsitesɯwhereɯexistingɯsevereɯtrafficɯnoiseɯimpactsɯ(noiseɯlevelsɯexceedingɯ
75ɯdBAɯatɯsensitiveɯlandɯuses)ɯareɯmodeledɯareɯS18,ɯS19,ɯS29,ɯandɯT13,ɯ
representingɯ248ɯresidentialɯunits,ɯ159ɯhotelɯrooms,ɯandɯoneɯpark.ɯ

Exhibit 4-6.  Short-Term Noise Measurement Results 
Location Date Time Leq

S1/ɯT1ɯ FlorentineɯAptsɯ(groundɯlevel)ɯ Julyɯ31,ɯ2002ɯ 2:00ɯp.m.ɯ 72ɯ
ɯ ɯ Augustɯ6,ɯ2003ɯ 2:15ɯp.m.ɯ 72ɯ

S2ɯ 300ɯblockɯOccidentalɯAve.ɯ Julyɯ31,ɯ2002ɯ 1:30ɯp.m.ɯ 63ɯ
S3ɯ Firstɯ&ɯMainɯ Augustɯ6,ɯ2003ɯ 1:15ɯp.m.ɯ 72ɯ
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Location Date Time Leq

S4ɯ OccidentalɯParkɯ Julyɯ31,ɯ2002ɯ 1:30ɯp.m.ɯ 63ɯ
ɯ ɯ Augustɯ6,ɯ2003ɯ 12:15ɯp.m.ɯ 63ɯ

S5ɯ WashingtonɯStreetɯBoatɯLandingɯ Julyɯ31,ɯ2002ɯ 11:55ɯa.m.ɯ 76ɯ
ɯ ɯɯ Julyɯ31,ɯ2002ɯ 2:40ɯp.m.ɯ 77ɯ
ɯ ɯ Augustɯ6,ɯ2003ɯ 10:45ɯa.m.ɯ 78ɯ

S6ɯ PioneerɯSquareɯsouthɯsideɯ Julyɯ31,ɯ2002ɯ 3:30ɯp.m.ɯ 68ɯ
ɯ ɯ Augustɯ6,ɯ2003ɯ 11:30ɯa.m.ɯ 68ɯ

S7ɯ PioneerɯSquareɯnorthɯsideɯ Julyɯ31,ɯ2002ɯ 3:40ɯp.m.ɯ 71ɯ
ɯ ɯ Augustɯ6,ɯ2003ɯ 11:15ɯa.m.ɯ 71ɯ

S8ɯ Pierɯ50ɯ Julyɯ31,ɯ2002ɯ 11:30ɯa.m.ɯ 77ɯ
S9ɯ FerryɯDockɯ Julyɯ31,ɯ2002ɯ 11:10ɯa.m.ɯ 77ɯ

S10ɯ FerryɯPedestrianɯCrossingɯɯ Julyɯ31,ɯ2002ɯ 11:05ɯa.m.ɯ 77ɯ
S11ɯ WesternɯandɯSpringɯ Julyɯ31,ɯ2002ɯ 10:10ɯa.m.ɯ 74ɯ
ɯ ɯ Augustɯ6,ɯ2003ɯ 10:15ɯa.m.ɯ 73ɯ

S12ɯ SpringɯandɯPostɯ Julyɯ31,ɯ2002ɯ 10:35ɯa.m.ɯ 72ɯ
S13ɯ SpringɯandɯFirstɯ Julyɯ31,ɯ2002ɯ 10:35ɯa.m.ɯ 72ɯ
S14ɯ AlaskanɯWayɯbikeɯpathɯatɯSenecaɯ Julyɯ31,ɯ2002ɯ 9:45ɯa.m.ɯ 78ɯ
S15ɯ ElliottɅsɯOysterɯHouseɯ Julyɯ31,ɯ2002ɯ 9:45ɯa.m.ɯ 71ɯ
S16ɯ WaterfrontɯParkɯ Julyɯ31,ɯ2002ɯ 9:15ɯa.m.ɯ 72ɯ
S17ɯ SeattleɯAquariumɯ Julyɯ31,ɯ2002ɯ 9:15ɯa.m.ɯ 76ɯ
S18ɯ HillɯClimbɯCourtɯ Julyɯ31,ɯ2002ɯ 8:50ɯa.m.ɯ 74ɯ
ɯ ɯ Septemberɯ3,ɯ2003ɯ 11:15ɯa.m.ɯ 75ɯ

S19/C10ɯ VictorɯSteinbrueckɯParkɯɯ Julyɯ31,ɯ2002ɯ 8:20ɯa.m.ɯ 81ɯ
S20ɯ WesternɯandɯCedarɯ Augustɯ7,ɯ2003ɯ 10:30ɯa.m.ɯ 71ɯ
S21ɯ FountainɯCourtɯApartmentsɯ Augustɯ8,ɯ2003ɯ 10:15ɯa.m.ɯ 72ɯ
S22ɯ FirstɯandɯEagleɯɯ Augustɯ7,ɯ2003ɯ 10:10ɯa.m.ɯ 69ɯ
S23ɯ DennyɯParkɯ Septemberɯ3,ɯ2003ɯ 10:34ɯa.m.ɯ 60ɯ
S24ɯ HolidayɯInnɯ Julyɯ17,ɯ2003ɯ 10:50ɯa.m.ɯ 76ɯ
S25ɯ HotelɯatɯAuroraɯandɯMercerɯ Julyɯ17,ɯ2003ɯ 2:30ɯp.m.ɯ 75ɯ
S26ɯ 615ɯValleyɯ Julyɯ17,ɯ2003ɯ 1:00ɯp.m.ɯ 73ɯ
S27ɯ SixthɯandɯAlohaɯ Julyɯ17,ɯ2003ɯ 2:20ɯp.m.ɯ 57ɯ
S28ɯ 1000ɯAuroraɯ Julyɯ17,ɯ2003ɯ 11:45ɯa.m.ɯ 78ɯ
S29ɯ WardɯandɯAuroraɯ Julyɯ17,ɯ2003ɯ 1:50ɯp.m.ɯ 79ɯ
S30ɯ WardɯandɯSixthɯ Julyɯ17,ɯ2003ɯ 2:10ɯp.m.ɯ 58ɯ

ɯ
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Exhibit 4-7.  Additional Short-term Noise Measurement Results 
Location Date Time Leq

T2/C8ɯ HarborɯStepsɯ(plazaɯlevel)ɯ Mayɯ16,ɯ2002ɯ 2:00ɯp.m.ɯ 71ɯ

T3/C9ɯ WaterfrontɯLandingɯ(groundɯlevel)ɯ Mayɯ22,ɯ2002ɯ 11:15ɯa.m.ɯ 75ɯ

T4ɯ ElliottɯPointɯ(groundɯlevel)ɯ Augustɯ7,ɯ2003ɯ 9:15ɯa.m.ɯ 76ɯ

T5ɯ BelltownɯLoftɯ(groundɯlevel)ɯ Juneɯ4,ɯ2002ɯ 9:45ɯa.m.ɯ 68ɯ

T6ɯ Siteɯ17ɯ(groundɯlevel)ɯ Augustɯ7,ɯ2003ɯ 9:45ɯa.m.ɯ 74ɯ

T7ɯ PortɯofɯSeattleɯ(groundɯlevel)ɯ Julyɯ19,ɯ2002ɯ 2:00ɯp.m.ɯ 70ɯ

T8ɯ AvalonɯBelltownɯ(groundɯlevel)ɯ Julyɯ17,ɯ2002ɯ 3:00ɯp.m.ɯ 70ɯ

T9/T10ɯ GroupɯHealthɯ(groundɯlevel)ɯ Augustɯ8,ɯ2003ɯ 10:00ɯa.m.ɯ 72ɯ

T11ɯ AntiochɯUniversityɯ(groundɯlevel)ɯ Augustɯ7,ɯ2003ɯ 1:20ɯp.m.ɯ 70ɯ

T12ɯ PacificɯScienceɯCenterɯ(groundɯlevel)ɯ Augustɯ7,ɯ2003ɯ 11:30ɯa.m.ɯ 73ɯ

T13ɯ SeattleɯInnɯ(terrace)ɯ Julyɯ9,ɯ2002ɯ 4:00ɯp.m.ɯ 78ɯ

ɯ

Exhibit 4-8.  Modeled Existing Traffic Leq(h) Noise Levels 

Receptor Noise Sensitive Use 

Noise
Abatement 

Criteria

Measured
Sound Level 

(dBA) 

Modeled Existing 
Peak Traffic 
Noise (dBA) 

S1/T1ɯ 163ɯresidentialɯunitsɯ 67ɯ 72ɯ 70ɯ

S2ɯ Publicɯspaceɯandɯ7ɯunitsɯ 67ɯ 63ɯ 62ɯ

S3ɯ 77ɯresidentialɯunitsɯandɯ120ɯ
homelessɯshelterɯbedsɯ

67ɯ 72ɯ 71ɯ

S4ɯ Parkɯ 67ɯ 63ɯ 63ɯ

S5ɯ Parkɯandɯ20ɯunitsɯ 67ɯ 76ɯ 74ɯ

S6ɯ Parkɯandɯ85ɯunitsɯ 67ɯ 68ɯ 66ɯ

S7ɯ Parkɯ 67ɯ 71ɯ 69ɯ

S8ɯ 25ɯresidentialɯunitsɯandɯ75ɯ
hotelɯroomsɯ

67ɯ 77ɯ 74ɯ

S9ɯ Commercialɯuseɯ 72ɯ 77ɯ 74ɯ

S10ɯ Pedestrianɯaccessɯ 72ɯ 77ɯ 79ɯ

S11ɯ Commercialɯuseɯ 72ɯ 74ɯ 72ɯ

S12ɯ 109ɯhotelɯroomsɯ 67ɯ 72ɯ 70ɯ

S13ɯ 257ɯresidentialɯunitsɯ 67ɯ 72ɯ 71ɯ

S14ɯ Commercialɯuseɯ 72ɯ 78ɯ 77ɯ

S15ɯ Commercialɯuseɯ 72ɯ 71ɯ 72ɯ
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Receptor Noise Sensitive Use 

Noise
Abatement 

Criteria

Measured
Sound Level 

(dBA) 

Modeled Existing 
Peak Traffic 
Noise (dBA) 

S16ɯ Parkɯ 67ɯ 72ɯ 70ɯ

S17ɯ Parkɯ 67ɯ 76ɯ 73ɯ

S18ɯ 190ɯresidentialɯunitsɯ 67ɯ 75ɯ 77ɯ

S19/C10ɯ Parkɯ 67ɯ 81ɯ 79ɯ

S20ɯ 636ɯresidentialɯunitsɯ 67ɯ 71ɯ 69ɯ

S21ɯ 695ɯresidentialɯunitsɯ 67ɯ 72ɯ 70ɯ

S22ɯ 192ɯresidentialɯunitsɯ 67ɯ 69ɯ 70ɯ

S23ɯ Parkɯ 67ɯ 60ɯ 59ɯ

S24ɯ 235ɯhotelɯroomsɯ 67ɯ 76ɯ 75ɯ

S25ɯ 158ɯhotelɯroomsɯ 67ɯ 75ɯ 73ɯ

S26ɯ 21ɯresidentialɯunitsɯ 67ɯ 73ɯ 70ɯ

S27ɯ 62ɯresidentialɯunitsɯ 67ɯ 57ɯ 61ɯ

S28ɯ 78ɯresidentialɯunitsɯ 67ɯ 78ɯ 75ɯ

S29ɯ 58ɯresidentialɯunitsɯ 67ɯ 79ɯ 77ɯ

S30ɯ 41ɯresidentialɯunitsɯ 67ɯ 58ɯ 59ɯ
Notes:ɯɯTheɯFHWAɯtrafficɯnoiseɯabatementɯcriterionɯisɯ67ɯdBAɯforɯmostɯnoiseɪsensitiveɯlandɯusesɯandɯ
72ɯdBAɯforɯcommercialɯuses.ɯɯAnɯimpactɯoccursɯifɯtheɯtrafficɯnoiseɯlevelɯapproachesɯtheɯcriterionɯwithinɯ
1ɯdBAɯ(66ɯorɯ71ɯdBA).ɯɯNoiseɪsensitiveɯlocationsɯthatɯdoɯnotɯincludeɯoutdoorɯuseɯareasɯ(FHWAɯActivityɯ
CategoryɯE)ɯhaveɯanɯinteriorɯnoiseɯlevelɯimpactɯcriterionɯofɯ52ɯdBA.ɯɯNoiseɯlevelsɯthatɯapproachɯorɯexceedɯ
theɯcriterionɯareɯshownɯinɯBOLD.ɯ
NoiseɪsensitiveɯlandɯusesɯareɯshownɯinɯBOLD.ɯɯIfɯthereɯisɯnoɯnoiseɪsensitiveɯuseɯ(FHWAɯActivityɯ
CategoryɯB)ɯatɯaɯreceptorɯlocation,ɯtheɯgeneralɯuseɯinɯthatɯvicinityɯisɯdescribed.ɯɯForɯusesɯthatɯareɯnotɯnoiseɯ
sensitive,ɯtheɯnoiseɯabatementɯcriterionɯisɯ72ɯdBA.ɯɯ

ɯ

Exhibit 4-9.  Additional Modeled Existing Traffic Leq(h) Noise Levels

Receptor Noise Sensitive Use 

Noise
Abatement 

Criteria

Measured
Sound Level 

(dBA) 

Modeled Existing 
Peak Traffic 
Noise (dBA) 

T2/C8ɯ 126ɯresidentialɯunitsɯ 67ɯ 71ɯ 70ɯ

T3/C9ɯ 235ɯresidentialɯunitsɯandɯ320ɯ
hotelɯroomsɯ

67ɯ 75ɯ 66ɯ

T4ɯ 64ɯresidentialɯunitsɯ 67ɯ 76ɯ 72ɯ

T5ɯ 131ɯresidentialɯunitsɯ 67ɯ 68ɯ 68ɯ

T6ɯ 617ɯresidentialɯunitsɯ 67ɯ 74ɯ 73ɯ

T7ɯ 238ɯhotelɯroomsɯ 67ɯ 70ɯ 69ɯ



ɯ
ɯ
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Receptor Noise Sensitive Use 

Noise
Abatement 

Criteria

Measured
Sound Level 

(dBA) 

Modeled Existing 
Peak Traffic 
Noise (dBA) 

T8ɯɯ 798ɯresidentialɯunitsɯ 67ɯ 70ɯ 70ɯ

T9/T10ɯ Childcareɯfacilityɯ 67ɯ 72ɯ 68ɯ

T11ɯ AntiochɯUniversityɯ 67ɯ 70ɯ 66ɯ

T12ɯ SeattleɯCenterɯ 67ɯ 73ɯ 71ɯ

T13ɯ 159ɯhotelɯroomsɯ 67ɯ 78ɯ 76ɯ

C1ɯ Pedestrianɯandɯbicycleɯuseɯ 72ɯ 79ɯ 78ɯ

C2ɯ Commercialɯuseɯ 72ɯ 77ɯ 74ɯ

C3ɯ Commercialɯuseɯ 72ɯ 78ɯ 78ɯ

C4ɯ Commercialɯuseɯ 72ɯ 77ɯ 75ɯ

C5ɯ Commercialɯuseɯ 72ɯ 77ɯ 73ɯ

C6ɯ Parkɯ 67ɯ 72ɯ 70ɯ

C7ɯ Parkɯ 67ɯ 76ɯ 73ɯ
Notes:ɯɯTheɯFHWAɯtrafficɯnoiseɯabatementɯcriterionɯisɯ67ɯdBAɯforɯmostɯnoiseɪsensitiveɯlandɯusesɯandɯ
72ɯdBAɯforɯcommercialɯuses.ɯɯAnɯimpactɯoccursɯifɯtheɯtrafficɯnoiseɯlevelɯapproachesɯtheɯcriterionɯwithinɯ
1ɯdBAɯ(66ɯorɯ71ɯdBA).ɯɯNoiseɪsensitiveɯlocationsɯthatɯdoɯnotɯincludeɯoutdoorɯuseɯareasɯ(FHWAɯActivityɯ
CategoryɯE)ɯhaveɯanɯinteriorɯnoiseɯlevelɯimpactɯcriterionɯofɯ52ɯdBA.ɯɯNoiseɯlevelsɯthatɯapproachɯorɯexceedɯ
theɯcriterionɯareɯshownɯinɯBOLD.ɯ
NoiseɪsensitiveɯlandɯusesɯareɯshownɯinɯBOLD.ɯɯIfɯthereɯisɯnoɯnoiseɪsensitiveɯuseɯ(FHWAɯActivityɯ
CategoryɯB)ɯatɯaɯreceptorɯlocation,ɯtheɯgeneralɯuseɯinɯthatɯvicinityɯisɯdescribed.ɯɯForɯusesɯthatɯareɯnotɯnoiseɯ
sensitive,ɯtheɯnoiseɯabatementɯcriterionɯisɯ72ɯdBA.ɯɯ
ɯ
ɯ

4.3  Existing Vibration Environment 
Vibrationɯlevelsɯgeneratedɯbyɯrubberɪtiredɯvehiclesɯareɯusuallyɯnotɯofɯconcernɯ
forɯexistingɯroadways.ɯɯHowever,ɯthereɯareɯperceptibleɯlevelsɯofɯgroundɯ
vibrationɯatɯtheɯbaseɯofɯtheɯverticalɯsteelɯpiersɯsupportingɯtheɯAlaskanɯWayɯ
Viaduct.ɯɯThisɯmayɯbeɯdueɯtoɯtheɯmassɯandɯroadwayɯspanɯofɯtheɯstructure,ɯ
whichɯatɯsomeɯlocationsɯisɯamplifyingɯtheɯvibrationɯlevelsɯgeneratedɯbyɯheavyɯ
trucksɯpassingɯby.ɯɯɯ

Theɯclosestɯbuildingsɯtoɯtheɯviaductɯstructureɯareɯcommercial,ɯwithɯoccasionalɯ
residentialɯbuildingsɯlocatedɯfurtherɯaway.ɯɯToɯdocumentɯtheɯexistingɯ
vibrationɯenvironmentɯinɯtheseɯareas,ɯfieldɯmeasurementsɯwereɯcarriedɯoutɯatɯ
representativeɯlocationsɯbeneathɯtheɯviaductɯstructure.ɯɯExistingɯvibrationɯ
levelsɯresultingɯfromɯheavyɯvehiclesɯonɯtheɯAlaskanɯWayɯViaductɯwereɯ
measuredɯinɯfourɯlocationsɯtoɯestablishɯaɯbaselineɯ(Exhibitɯ4ɪ11).ɯɯTheɯfourɯsitesɯ
alongɯtheɯAWVɯrepresentɯtheɯclosestɯoccupiedɯbuildingsɯtoɯtheɯviaductɯ
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structure.ɯɯTheɯmeasuredɯlevelsɯareɯpresentedɯinɯExhibitɯ4ɪ10ɯasɯmaximumɯrmsɯ
velocityɯvibrationɯandɯPPV.ɯ

Exhibit 4-10.  Ambient Vibration Levels Along Alaskan Way Viaduct 
Receiver

ID Location Description 
Maximum Vibration 

Velocity Level Lv,  VdB 
Peak Particle Velocity 

Level, in/s 
V1ɯ AWVɯatɯJacksonɯStreetɯ 78.5ɯ 0.042ɯ

V2ɯ 76ɯS.ɯMainɯStreetɯ 66.3ɯ 0.010ɯ

V3ɯ AntiqueɯMarketɯɯ 88.2ɯ 0.128ɯ

V4ɯ AWVɯnearɯKingɯStreetɯ 77.0ɯ 0.035ɯ
ɯ

Theɯfollowingɯisɯaɯdescriptionɯofɯtheɯvibrationɯmeasurementɯsitesɯandɯtheɯ
buildingɯstructuresɯatɯtheseɯlocations.ɯ

¶ SiteɯV1ɯ–ɯJacksonɯStreet.ɯɯMeasurementsɯconductedɯatɯanɯofficeɯ
buildingɯlocatedɯwithinɯ5ɯfeetɯofɯaɯviaductɯverticalɯpier.ɯɯAlaskanɯWayɯ
isɯlocatedɯ60ɯfeetɯtoɯtheɯwestɯofɯtheɯbuildingɯandɯJacksonɯStreetɯ30ɯfeetɯ
toɯtheɯnorth.ɯɯThisɯareaɯunderɯtheɯviaductɯisɯusedɯforɯparking.ɯɯɯɯɯ

¶ SiteɯV2ɯ–ɯ76ɯS.ɯMainɯStreet.ɯɯMeasurementsɯwereɯconductedɯdirectlyɯ
outsideɯofɯtheɯbuilding.ɯɯThisɯareaɯunderɯtheɯviaductɯisɯusedɯforɯ
parkingɯandɯtoɯtheɯeastɯofɯtheɯviaductɯareɯthreeɯ5ɪstoryɯbrickɯofficeɯ
buildings.ɯ

¶ SiteɯV3ɯ–ɯAntiqueɯMarket.ɯɯMeasurementsɯwereɯconductedɯinɯfrontɯofɯ
theɯloadingɯdockɯofɯtheɯAntiqueɯMarket.ɯɯɯ

¶ SiteɯV4ɯ–ɯKingɯStreet.ɯɯMeasurementsɯwereɯconductedɯatɯaɯbuildingɯ
withinɯ30ɯfeetɯofɯaɯviaductɯverticalɯpier.ɯ
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Chapter 5 OPERATIONAL IMPACTS AND BENEFITS
Longɪtermɯoperationalɯtrafficɯnoiseɯlevelsɯunderɯallɯofɯtheɯalternativesɯwereɯ
modeledɯforɯtheɯyearɯ2030.ɯɯInɯmostɯareas,ɯfutureɯnoiseɯlevelsɯwereɯsimilarɯ
betweenɯallɯofɯtheɯalternativesɯandɯexistingɯconditions.ɯɯInɯtheɯvicinityɯofɯ
AlaskanɯWayɯalongɯtheɯcentralɯSeattleɯwaterfront,ɯnoiseɯlevelsɯwouldɯbeɯlowerɯ
underɯtheɯalternativesɯthatɯdoɯnotɯincludeɯanɯelevatedɯstructure.ɯ

TheɯalternativesɯevaluatedɯforɯnoiseɯandɯvibrationɯareɯdescribedɯinɯAppendixɯ
B,ɯAlternativesɯDescriptionɯandɯConstructionɯMethodsɯTechnicalɯ
Memorandum.ɯ

5.1  No Build Alternative 
Trafficɯnoiseɯlevelsɯinɯ2030ɯunderɯtheɯNoɯBuildɯAlternativeɯwouldɯcontinueɯtoɯ
beɯsimilarɯtoɯcurrentɯlevelsɯbecauseɯtrafficɯpatternsɯwouldɯnotɯsubstantiallyɯ
changeɯandɯpeakɯtrafficɯvolumesɯwouldɯincreaseɯonlyɯslightlyɯbecauseɯcurrentɯ
peakɯperiodɯtrafficɯvolumesɯareɯnearɯroadwayɯsystemɯcapacityɯinɯmuchɯofɯtheɯ
studyɯarea.ɯɯTrafficɯnoiseɯlevelsɯwouldɯcontinueɯtoɯapproachɯorɯexceedɯtheɯ
FHWAɯnoiseɯabatementɯcriteriaɯthroughoutɯmuchɯofɯtheɯstudyɯarea.ɯ

Loudestɯhourɯtrafficɯnoiseɯlevelsɯwouldɯrangeɯbetweenɯ60ɯandɯ79ɯdBAɯatɯtheɯ
modeledɯlocationsɯ(Exhibitsɯ5ɪ1ɯandɯ5ɪ2).ɯɯTrafficɯnoiseɯlevelsɯareɯpredictedɯtoɯ
changeɯbetweenɯaɯ2ɪdBAɯdecreaseɯandɯaɯ2ɪdBAɯincreaseɯcomparedɯtoɯexistingɯ
levelsɯbecauseɯofɯminorɯchangesɯinɯtrafficɯpatternsɯcomparedɯtoɯexistingɯtrafficɯ
patterns.ɯɯAɯ2ɪdBAɯchangeɯinɯnoiseɯlevelsɯisɯtheɯsmallestɯchangeɯthatɯcanɯbeɯ
heardɯbyɯsensitiveɯlisteners.ɯɯTheɯmodeledɯtrafficɯnoiseɯlevelsɯapproachɯorɯ
exceedɯtheɯFHWAɯnoiseɯabatementɯcriteriaɯatɯ42ɯofɯtheɯ48ɯmodeledɯsitesɯ
representingɯapproximatelyɯ4,490ɯresidentialɯunits,ɯ1,290ɯhotelɯrooms,ɯandɯ120ɯ
shelterɯbeds.ɯɯNineɯofɯtheɯsitesɯrepresentɯparkɯorɯpublicɯopenɯspaceɯuses,ɯoneɯ
representsɯaɯchildcareɯfacility,ɯandɯtenɯsitesɯrepresentɯcommercialɯorɯotherɯlessɯ
noiseɪsensitiveɯusesɯonlyɯ(Exhibitɯ5ɪ3).ɯɯManyɯofɯtheɯresidentialɯandɯhotelɯsitesɯ
doɯnotɯhaveɯprivateɯoutdoorɯuseɯareas.ɯɯTheɯappropriateɯcriterionɯatɯtheseɯsitesɯ
isɯ52ɯdBAɯ(CategoryɯE)ɯinsideɯtheɯbuildingɯwithɯtheɯwindowsɯclosed.ɯ

Toɯbetterɯdemonstrateɯtheɯeffectsɯofɯtheɯvariousɯalternativesɯonɯtheɯacousticɯ
environment,ɯtheɯnoiseɯprofileɯwasɯmodeledɯatɯaɯtypicalɯlocationɯalongɯtheɯ
centralɯwaterfrontɯ(Exhibitɯ5ɪ4).ɯɯTheɯlocationɯwasɯselectedɯtoɯdemonstrateɯtheɯ
trafficɯnoiseɯpatternɯinɯrelationɯtoɯsurface,ɯelevated,ɯandɯdepressedɯroadwayɯ
sourcesɯforɯtheɯproposedɯroadwayɯandɯsidewalkɯconfigurationsɯalongɯtheɯ
waterfront.ɯɯɯ
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Exhibit 5-1.  Modeled 2030 Peak Traffic Leq(h) Noise Levels

Receptor Noise-Sensitive Use 
2002

Existing No Build Rebuild Aerial Tunnel 
Bypass
Tunnel Surface

S1/T1ɯ 163ɯresidentialɯunitsɯ 70ɯ 70ɯ 71ɯ 71ɯ 70ɯ 70ɯ 71ɯ
S2ɯ Publicɯspaceɯandɯ

7ɯunitsɯ 62ɯ 62ɯ 61ɯ 62ɯ 59ɯ 59ɯ 61ɯ
S3ɯ 77ɯresidentialɯunitsɯ

andɯ120ɯhomelessɯ
shelterɯbedsɯ 71ɯ 71ɯ 72ɯ 71ɯ 70ɯ 71ɯ 73ɯ

S4ɯ Parkɯ 63ɯ 62ɯ 62ɯ 62ɯ 60ɯ 60ɯ 62ɯ
S5ɯ Parkɯandɯ20ɯunitsɯ 74ɯ 74ɯ 72ɯ 75ɯ 66ɯ 65ɯ 72ɯ
S6ɯ Parkɯandɯ85ɯunitsɯ 66ɯ 67ɯ 66ɯ 67ɯ 64ɯ 64ɯ 67ɯ
S7ɯ Parkɯ 69ɯ 70ɯ 69ɯ 70ɯ 68ɯ 69ɯ 70ɯ
S8ɯ 25ɯresidentialɯunitsɯ

andɯ75ɯhotelɯroomsɯ 74ɯ 75ɯ 74ɯ 75ɯ 65ɯ 65ɯ 71ɯ
S9ɯ Commercialɯuseɯ 74ɯ 75ɯ 74ɯ 74ɯ 63ɯ 65ɯ 71ɯ
S10ɯ Pedestrianɯaccessɯ 79ɯ 79ɯ 79ɯ 79ɯ 71ɯ N/Aɯ N/Aɯ
S11ɯ Commercialɯuseɯ 72ɯ 72ɯ 72ɯ 72ɯ 69ɯ 68ɯ 70ɯ
S12ɯ 109ɯhotelɯroomsɯ 70ɯ 70ɯ 70ɯ 70ɯ 68ɯ 68ɯ 70ɯ
S13ɯ 257ɯresidentialɯunitsɯ 71ɯ 71ɯ 71ɯ 71ɯ 69ɯ 70ɯ 71ɯ
S14ɯ Commercialɯuseɯ 77ɯ 77ɯ 77ɯ 77ɯ 71ɯ 73ɯ 79ɯ
S15ɯ Commercialɯuseɯ 72ɯ 72ɯ 72ɯ 72ɯ 60ɯ 62ɯ 68ɯ
S16ɯ Parkɯ 70ɯ 70ɯ 71ɯ 70ɯ 61ɯ 61ɯ 67ɯ
S17ɯ Parkɯ 73ɯ 74ɯ 74ɯ 73ɯ 64ɯ 64ɯ 70ɯ
S18ɯ 190ɯresidentialɯunitsɯ 77ɯ 77ɯ 77ɯ 77ɯ 70ɯ 69ɯ 76ɯ

S19/C10ɯ Parkɯ 79ɯ 79ɯ 79ɯ 79ɯ 80ɯ 79ɯ 78ɯ
S20ɯ 636ɯresidentialɯunitsɯ 69ɯ 71ɯ 71ɯ 70ɯ 70ɯ 69ɯ 69ɯ
S21ɯ 695ɯresidentialɯunitsɯ 70ɯ 72ɯ 72ɯ 71ɯ 70ɯ 69ɯ 71ɯ
S22ɯ 192ɯresidentialɯunitsɯ 70ɯ 69ɯ 69ɯ 69ɯ 69ɯ 69ɯ 69ɯ
S23ɯ Parkɯ 59ɯ 60ɯ 60ɯ 60ɯ 60ɯ 60ɯ 60ɯ
S24ɯ 235ɯhotelɯroomsɯ 75ɯ 76ɯ 76ɯ 76ɯ 76ɯ 76ɯ 76ɯ
S25ɯ 158ɯhotelɯroomsɯ 73ɯ 74ɯ 74ɯ 74ɯ 74ɯ 73ɯ 74ɯ
S26ɯ 21ɯresidentialɯunitsɯ 70ɯ 71ɯ 71ɯ 71ɯ 71ɯ 71ɯ 71ɯ
S27ɯ 62ɯresidentialɯunitsɯ 61ɯ 62ɯ 62ɯ 62ɯ 62ɯ 62ɯ 62ɯ
S28ɯ 78ɯresidentialɯunitsɯ 75ɯ 76ɯ 76ɯ 76ɯ 76ɯ 76ɯ 76ɯ
S29ɯ 58ɯresidentialɯunitsɯ 77ɯ 78ɯ 78ɯ 78ɯ 78ɯ 78ɯ 78ɯ
S30ɯ 41ɯresidentialɯunitsɯ 59ɯ 61ɯ 61ɯ 61ɯ 61ɯ 61ɯ 61ɯ
Note:ɯɯValuesɯinɯBOLDɯapproachɯorɯexceedɯtheɯFHWAɯnoiseɯabatementɯcriteriaɯforɯtrafficɯnoise.ɯ
N/Aɯ=ɯNotɯapplicable;ɯthisɯreceiverɯwouldɯbeɯwithinɯtheɯroadwayɯunderɯthisɯalternative.ɯ
ɯ
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Exhibit 5-2.  Additional Modeled 2030 Peak Traffic Leq(h) Noise Levels

Receptor Noise-Sensitive Use 
2002

Existing No Build Rebuild Aerial Tunnel 
Bypass
Tunnel Surface

T2/C8ɯ 126ɯresidentialɯunitsɯ 70ɯ 71ɯ 71ɯ 71ɯ 66ɯ 66ɯ 70ɯ

T3/C9ɯ 235ɯresidentialɯunitsɯ
andɯ320ɯhotelɯroomsɯ 66ɯ 67ɯ 68ɯ 67ɯ 72ɯ 69ɯ 68ɯ

T4ɯ 64ɯresidentialɯunitsɯ 72ɯ 73ɯ 73ɯ 72ɯ 73ɯ 72ɯ 72ɯ

T5ɯ 131ɯresidentialɯunitsɯ 68ɯ 69ɯ 69ɯ 69ɯ 69ɯ 68ɯ 68ɯ

T6ɯ 617ɯresidentialɯunitsɯ 73ɯ 74ɯ 73ɯ 73ɯ 72ɯ 71ɯ 73ɯ

T7ɯ 238ɯhotelɯroomsɯ 69ɯ 69ɯ 69ɯ 69ɯ 75ɯ 72ɯ 74ɯ

T8ɯɯ 798ɯresidentialɯunitsɯ 70ɯ 72ɯ 72ɯ 71ɯ 71ɯ 71ɯ 70ɯ

T9ɯ/T10ɯ Childcareɯfacilityɯ 68ɯ 67ɯ 68ɯ 69ɯ 69ɯ 69ɯ 69ɯ

T11ɯ AntiochɯUniversityɯ 66ɯ 64ɯ 67ɯ 67ɯ 67ɯ 67ɯ 67ɯ

T12ɯ SeattleɯCenterɯ 71ɯ 72ɯ 72ɯ 72ɯ 72ɯ 72ɯ 72ɯ

T13ɯ 159ɯhotelɯroomsɯ 76ɯ 78ɯ 78ɯ 78ɯ 78ɯ 78ɯ 78ɯ

C1ɯ Pedestrianɯandɯ
bicycleɯuseɯ 78ɯ 78ɯ 79ɯ 79ɯ N/Aɯ N/Aɯɯ N/Aɯɯ

C2ɯ Commercialɯuseɯ 74ɯ 75ɯ 74ɯ 74ɯ 63ɯ 65ɯ 71ɯ

C3ɯ Commercialɯuseɯ 78ɯ 78ɯ 79ɯ 79ɯ N/Aɯɯ N/Aɯɯ N/Aɯɯ

C4ɯ Commercialɯuseɯ 75ɯ 75ɯ 75ɯ 75ɯ 68ɯ N/Aɯɯ N/Aɯɯ

C5ɯ Commercialɯuseɯ 73ɯ 73ɯ 73ɯ 74ɯ 66ɯ 70ɯ 77ɯ

C6ɯ Parkɯ 70ɯ 70ɯ 70ɯ 70ɯ 60ɯ 62ɯ 68ɯ

C7ɯ Parkɯ 73ɯ 73ɯ 74ɯ 74ɯ 62ɯ 64ɯ 71ɯ
Note:ɯɯValuesɯinɯBOLDɯapproachɯorɯexceedɯtheɯFHWAɯnoiseɯabatementɯcriteriaɯforɯtrafficɯnoise.ɯ

N/Aɯ=ɯNotɯapplicable;ɯthisɯreceiverɯwouldɯbeɯwithinɯtheɯroadwayɯunderɯthisɯalternative.ɯ

Exhibit 5-3.  Number of Receptors Experiencing Noise Impacts
Land Use Impacted 

Alternative 
Residential 

Units
Hotel

Rooms
Shelter 
Beds Parks 

Childcare/
Education 
Facilities 

Commercial 
Use Only 
Receptors 

2002ɯExistingɯ 4,490ɯ 1,290ɯ 120ɯ 9ɯ 2ɯ 10ɯ
NoɯBuildɯ 4,490ɯ 1,290ɯ 120ɯ 9ɯ 1ɯ 10ɯ
Rebuildɯ 4,490ɯ 1,290ɯ 120ɯ 9ɯ 2ɯ 10ɯ
Aerialɯ 4,490ɯ 1,290ɯ 120ɯ 9ɯ 2ɯ 10ɯ
Tunnelɯ 4,250ɯ 1,290ɯ 120ɯ 4ɯ 2ɯ 3ɯ

BypassɯTunnelɯ 4,360ɯ 1,290ɯ 120ɯ 3ɯ 2ɯ 5ɯ
Surfaceɯ 4,490ɯ 1,290ɯ 120ɯ 9ɯ 2ɯ 5ɯ

Note:ɯɯResidentialɯUnits,ɯHotelɯRooms,ɯandɯshelterɯBedsɯareɯtheɯnumberɯofɯindividualɯunits.ɯɯParks,ɯ
Childcare/EducationɯFacilities,ɯandɯCommercialɯUseɯOnlyɯReceptorsɯareɯtheɯnumberɯofɯmodeledɯsitesɯ
thatɯrepresentɯtheseɯuses.ɯ
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Theɯtrafficɯnoiseɯprofileɯwasɯcalculatedɯasɯaɯtypicalɯcrossɯsectionɯthroughɯtheɯ
roadwayɯandɯadjacentɯpiersɯandɯbuildings.ɯɯExhibitɯ5ɪ5ɯpresentsɯtheɯtrafficɯ
noiseɯprofileɯforɯtheɯNoɯBuildɯAlternative.ɯɯTrafficɯnoiseɯlevelsɯareɯgreatestɯ
nearɯtheɯexistingɯviaductɯandɯdecreaseɯwithɯdistanceɯfromɯtheɯstructure.ɯɯ
Surfaceɯstreetɯtrafficɯalsoɯcontributesɯtoɯtheɯnoiseɯlevelsɯnearɯtheɯsurfaceɯ
roadways.ɯɯTheɯmodeledɯtrafficɯnoiseɯlevelɯisɯgreaterɯthanɯtheɯFHWAɯnoiseɯ
abatementɯcriteriaɯforɯtheɯentireɯareaɯincludedɯinɯtheɯnoiseɯprofileɯcalculation.ɯɯ

Exhibit 5-5.  No Build Alternative Noise Profile at Spring Street 
Note:ɯɯFHWAɯtrafficɯnoiseɯabatementɯcriterionɯisɯ67ɯdBA.ɯ

ɯ

Ifɯtheɯsurfaceɯroadway,ɯtrolleyɯtracks,ɯandɯbicycleɯandɯpedestrianɯfacilityɯ
locationsɯareɯshifted,ɯtheɯnoiseɯlevelsɯthatɯwouldɯresultɯfromɯtheɯrevisedɯ
configurationɯcanɯbeɯestimatedɯbyɯselectingɯanɯappropriateɯoffsetɯdistanceɯonɯ
theɯnoiseɯprofilesɯandɯreadingɯtheɯnoiseɯlevelɯatɯthatɯlocationɯoffɯofɯtheɯchart.ɯ

Inɯadditionɯtoɯtheɯfourɯsitesɯmodeledɯtoɯexperienceɯsevereɯnoiseɯimpactsɯunderɯ
existingɯconditions,ɯtwoɯadditionalɯsitesɯwouldɯexperienceɯsevereɯnoiseɯ
impactsɯinɯ2030ɯunderɯtheɯNoɯBuildɯAlternative.ɯɯTheɯsitesɯwhereɯsevereɯnoiseɯ
impactsɯ(soundɯlevelsɯexceedingɯ75ɯdBAɯatɯsensitiveɯlandɯuses)ɯareɯexpectedɯ
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areɯS18,ɯS19,ɯS24,ɯS28,ɯS29,ɯandɯT13,ɯrepresentingɯ326ɯresidentialɯunits,ɯ394ɯ
hotelɯrooms,ɯandɯoneɯpark.ɯ

Totalɯnoiseɯlevelsɯatɯmanyɯofɯtheɯsitesɯwouldɯbeɯgreaterɯthanɯtheɯpredictedɯ
trafficɯnoiseɯlevelɯbecauseɯnonɪtrafficɯsoundɯsourcesɯcontributeɯsubstantiallyɯtoɯ
theɯtotalɯenvironmentalɯnoiseɯlevelɯinɯmuchɯofɯtheɯstudyɯarea.ɯɯNonɪtrafficɯ
noiseɯsourcesɯatɯtheɯvariousɯsitesɯincludedɯaircraft,ɯsoundsɯfromɯrestaurantsɯ
andɯotherɯbusinesses,ɯsidewalkɯnoise,ɯconstructionɯnoise,ɯbuildingɯmechanicalɯ
noise,ɯalarms,ɯandɯsirens.ɯ

InɯtheɯeventɯthatɯtheɯAlaskanɯWayɯViaductɯwouldɯhaveɯtoɯbeɯclosedɯinɯtheɯ
future,ɯeitherɯthroughɯcollapseɯorɯseismicɯdamage,ɯpeakɯtrafficɯnoiseɯlevelsɯinɯ
theɯstudyɯareaɯwouldɯbeɯsomewhatɯlessɯthanɯtheɯmodeledɯresultsɯbecauseɯ
thereɯwouldɯbeɯreducedɯroadwayɯcapacityɯresultingɯinɯlowerɯtrafficɯvolumesɯ
andɯlowerɯaverageɯspeeds.ɯɯWithɯlossɯorɯclosureɯofɯtheɯexistingɯAlaskanɯWayɯ
Viaduct,ɯtrafficɯnoiseɯlevelsɯwouldɯlikelyɯbeɯsimilarɯtoɯthoseɯpresentedɯforɯtheɯ
SurfaceɯAlternative.ɯ

TheɯNoɯBuildɯAlternativeɯdoesɯnotɯincludeɯmodificationsɯandɯupgradesɯtoɯtheɯ
BatteryɯStreetɯTunnelɯventilationɯsystem;ɯtherefore,ɯthereɯwouldɯnotɯbeɯaɯ
substantialɯchangeɯinɯmechanicalɯsystemɯnoiseɯunderɯtheɯNoɯBuildɯ
Alternative.ɯ

VibrationɯlevelsɯunderɯtheɯNoɯBuildɯAlternativeɯwouldɯcontinueɯtoɯbeɯsimilarɯ
toɯthoseɯcurrentlyɯexperiencedɯnearɯtheɯAlaskanɯWayɯViaduct.ɯ

5.2  Rebuild Alternative 
Trafficɯnoiseɯlevelsɯinɯ2030ɯunderɯtheɯRebuildɯAlternativeɯwouldɯcontinueɯtoɯ
beɯsimilarɯtoɯcurrentɯlevelsɯandɯthoseɯunderɯtheɯNoɯBuildɯAlternativeɯinɯmostɯ
ofɯtheɯstudyɯareaɯbecauseɯtrafficɯpatternsɯwouldɯbeɯsimilarɯtoɯcurrentɯpatterns.ɯɯ
Peakɯtrafficɯvolumesɯwouldɯincreaseɯonlyɯslightlyɯbecauseɯcurrentɯpeakɯperiodɯ
trafficɯvolumesɯareɯalreadyɯnearɯroadwayɯsystemɯcapacityɯinɯmuchɯofɯtheɯ
studyɯarea.ɯ

UnderɯtheɯRebuildɯAlternative,ɯloudestɯhourɯtrafficɯnoiseɯlevelsɯwouldɯrangeɯ
betweenɯ60ɯandɯ79ɯdBAɯatɯtheɯmodeledɯlocationɯ(seeɯExhibitsɯ5ɪ1ɯandɯ5ɪ2).ɯɯ
Trafficɯnoiseɯlevelsɯareɯpredictedɯtoɯchangeɯbetweenɯaɯ2ɪdBAɯdecreaseɯandɯaɯ2ɪ
dBAɯincreaseɯcomparedɯtoɯexistingɯlevels.ɯɯTheseɯsmallɯchangesɯwouldɯoccurɯ
becauseɯofɯchangesɯinɯtrafficɯpatternsɯlargelyɯresultingɯfromɯchangesɯtoɯonɪɯ
andɯoffɪrampɯlocations.ɯ

TheɯmodeledɯtrafficɯnoiseɯlevelsɯapproachɯorɯexceedɯtheɯFHWAɯnoiseɯ
abatementɯcriteriaɯatɯ43ɯofɯtheɯ48ɯmodeledɯsites.ɯɯTheɯsitesɯmodeledɯtoɯ
approachɯorɯexceedɯtheɯFHWAɯnoiseɯabatementɯcriteriaɯrepresentɯ
approximatelyɯ4,490ɯresidentialɯunits,ɯ1,290ɯhotelɯrooms,ɯandɯ120ɯshelterɯbeds.ɯɯ
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Nineɯofɯtheɯsitesɯrepresentɯparkɯorɯpublicɯopenɯspaceɯuses,ɯtwoɯrepresentɯ
educationalɯorɯchildcareɯfacilities,ɯandɯtenɯsitesɯrepresentɯcommercialɯorɯotherɯ
lessɯnoiseɪsensitiveɯusesɯonlyɯ(seeɯExhibitɯ5ɪ3).ɯɯManyɯofɯtheɯresidentialɯandɯ
hotelɯsitesɯdoɯnotɯhaveɯprivateɯoutdoorɯuseɯareas,ɯbutɯmostɯhaveɯwindowsɯthatɯ
open.ɯɯTheɯsameɯsixɯsitesɯmodeledɯtoɯexperienceɯsevereɯnoiseɯimpactsɯunderɯ
theɯNoɯBuildɯAlternativeɯwouldɯalsoɯexperienceɯsevereɯnoiseɯimpactsɯinɯ2030ɯ
underɯtheɯRebuildɯAlternative.ɯɯTheɯsitesɯwhereɯsevereɯnoiseɯimpactsɯareɯ
expectedɯareɯS18,ɯS19,ɯS24,ɯS28,ɯS29,ɯandɯT13,ɯrepresentingɯ326ɯresidentialɯ
units,ɯ394ɯhotelɯrooms,ɯandɯoneɯpark.ɯ

Totalɯnoiseɯlevelsɯatɯmanyɯofɯtheɯsitesɯwouldɯbeɯgreaterɯthanɯtheɯpredictedɯ
trafficɯnoiseɯlevelɯbecauseɯnonɪtrafficɯsoundɯsourcesɯcontributeɯsubstantiallyɯtoɯ
theɯtotalɯenvironmentalɯnoiseɯlevelɯinɯmuchɯofɯtheɯstudyɯarea.ɯɯNonɪtrafficɯ
noiseɯsourcesɯatɯtheɯvariousɯsitesɯincludedɯaircraft,ɯsoundsɯfromɯrestaurantsɯ
andɯotherɯbusinesses,ɯsidewalkɯnoise,ɯconstructionɯnoise,ɯbuildingɯmechanicalɯ
noise,ɯalarms,ɯandɯsirens.ɯ

5.2.1 Traffic Noise South of the Battery Street Tunnel 
InɯtheɯareaɯsouthɯofɯtheɯBatteryɯStreetɯTunnelɯ(ReceptorsɯS1ɯtoɯS19,ɯT1ɯtoɯT5,ɯ
T7,ɯandɯC1ɯtoɯC9),ɯtrafficɯnoiseɯlevelsɯwouldɯvaryɯbyɯupɯtoɯ2ɯdBAɯcomparedɯtoɯ
existingɯconditions.ɯɯAtɯtheɯWashingtonɯStreetɯBoatɯLanding,ɯtrafficɯnoiseɯ
levelsɯareɯpredictedɯtoɯdecreaseɯbyɯ2ɯdBAɯasɯaɯresultɯofɯchangedɯalignmentɯofɯ
theɯstructureɯinɯthatɯarea,ɯwhichɯwouldɯeliminateɯtheɯstackedɯdesignɯ(theɯ
roadwayɯforɯoneɯdirectionɯofɯtravelɯlocatedɯaboveɯtheɯroadwayɯforɯtheɯotherɯ
directionɯofɯtravel)ɯinɯthatɯvicinity.ɯɯAɯ1ɪdBAɯincreaseɯisɯpredictedɯatɯReceptorɯ
C1,ɯtheɯbicycleɯandɯpedestrianɯtrailɯalongɯtheɯAlaskanɯWayɯsurfaceɯstreet,ɯasɯaɯ
resultɯofɯsmallɯchangesɯtoɯalignmentɯandɯincreasedɯtrafficɯvolumeɯbyɯ2030.ɯ

AɯtrafficɯnoiseɯprofileɯwasɯdevelopedɯatɯtheɯsameɯlocationɯforɯtheɯRebuildɯ
AlternativeɯasɯforɯtheɯNoɯBuildɯAlternativeɯ(Exhibitɯ5ɪ6).ɯ

5.2.2 Traffic Noise in Belltown and the North Waterfront 
InɯtheɯBelltownɯandɯNorthɯWaterfrontɯareaɯ(ReceptorsɯS20ɯtoɯS22ɯandɯT6,ɯT8ɯtoɯ
T12),ɯtrafficɯnoiseɯlevelsɯwouldɯvaryɯbyɯupɯtoɯ2ɯdBAɯcomparedɯtoɯexistingɯ
conditionsɯasɯaɯresultɯofɯchangesɯinɯtrafficɯpatternsɯinɯtheɯBelltownɯarea.ɯ

Broad Street Underpass not Constructed 
InɯtheɯeventɯthatɯtheɯBroadɯStreetɯunderpassɯisɯnotɯconstructed,ɯtrafficɯtoɯandɯ
fromɯMagnoliaɯandɯtheɯBallardɯBridgeɯwouldɯcontinueɯtoɯbeɯroutedɯprimarilyɯ
alongɯElliottɯandɯWesternɯAvenuesɯviaɯreconstructedɯrampsɯsouthɯofɯtheɯ
BatteryɯStreetɯTunnel.ɯɯComparedɯtoɯtheɯanalyzedɯalternative,ɯthisɯoptionɯ
couldɯshiftɯaɯsmallɯvolumeɯofɯtrafficɯoffɯofɯtheɯAlaskanɯWayɯsurfaceɯstreetɯontoɯ
theɯrebuiltɯviaductɯsouthɯofɯtheɯBatteryɯStreetɯTunnelɯandɯontoɯElliottɯandɯ
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Western Avenues through Belltown.  This option is expected to change traffic 
volumes during the loudest hour by less than 25 percent; therefore, noise 
levels would change by less than 1 dBA.  Along the northern waterfront, the 
traffic and associated noise would decrease slightly, while along Elliott and 
Western Avenues it would increase slightly.

Exhibit 5-6.  Rebuild Alternative Noise Profile at Spring Street
Note:  FHWA traffic noise abatement criterion is 67 dBA.

5.2.3 Traffic Noise North of the Battery Street Tunnel
In the area north of the Battery Street Tunnel (Receptors S23 to S30 and T13), 
traffic noise levels would increase by up to 2 dBA compared to existing 
conditions as a result of changes in traffic in the area (see Exhibits 5-1 and 5-2).

5.2.4 Vibration Impacts
Long-term vibration impacts under the Rebuild Alternative would be similar 
to existing levels because the rebuilt viaduct structure would be in a similar 
location and would have a similarly configured but strengthened support 
structure compared to the existing viaduct.
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5.3  Aerial Alternative 
TheɯconfigurationɯandɯtrafficɯoperationsɯofɯtheɯAerialɯAlternativeɯareɯveryɯ
similarɯtoɯtheɯRebuildɯAlternative;ɯtherefore,ɯtrafficɯnoiseɯlevelsɯinɯ2030ɯunderɯ
theɯAerialɯAlternativeɯwouldɯbeɯnearlyɯidenticalɯtoɯtheɯRebuildɯAlternative.ɯɯ
LikeɯtheɯRebuildɯAlternative,ɯloudestɯhourɯtrafficɯnoiseɯlevelsɯunderɯtheɯAerialɯ
Alternativeɯwouldɯrangeɯbetweenɯ59ɯandɯ79ɯdBAɯatɯmodeledɯlocationsɯ(seeɯ
Exhibitsɯ5ɪ1ɯandɯ5ɪ2).ɯɯTrafficɯnoiseɯlevelsɯareɯpredictedɯtoɯchangeɯbetweenɯaɯ
2ɪdBAɯdecreaseɯandɯaɯ2ɪdBAɯincreaseɯcomparedɯtoɯexistingɯlevels.ɯɯɯ

TheɯmodeledɯtrafficɯnoiseɯlevelsɯapproachɯorɯexceedɯtheɯFHWAɯnoiseɯ
abatementɯcriteriaɯatɯ43ɯofɯtheɯ48ɯmodeledɯsites.ɯɯTheɯsitesɯmodeledɯtoɯ
approachɯorɯexceedɯtheɯFHWAɯnoiseɯabatementɯcriteriaɯrepresentɯ
approximatelyɯ4,490ɯresidentialɯunits,ɯ1,290ɯhotelɯrooms,ɯandɯ120ɯshelterɯbeds.ɯɯ
Nineɯofɯtheɯsitesɯrepresentɯparkɯorɯpublicɯopenɯspaceɯuses,ɯtwoɯrepresentɯ
educationalɯorɯchildcareɯfacilities,ɯandɯtenɯsitesɯrepresentɯcommercialɯorɯotherɯ
lessɯnoiseɪsensitiveɯusesɯonlyɯ(seeɯExhibitɯ5ɪ3).ɯɯManyɯofɯtheɯresidentialɯandɯ
hotelɯsitesɯdoɯnotɯhaveɯprivateɯoutdoorɯuseɯareas,ɯbutɯmostɯhaveɯwindowsɯthatɯ
open.ɯɯTheɯsameɯsixɯsitesɯmodeledɯtoɯexperienceɯsevereɯnoiseɯimpactsɯunderɯ
theɯNoɯBuildɯandɯRebuildɯAlternativesɯwouldɯalsoɯexperienceɯsevereɯnoiseɯ
impactsɯinɯ2030ɯunderɯtheɯAerialɯAlternative.ɯɯTheɯsitesɯwhereɯsevereɯnoiseɯ
impactsɯareɯexpectedɯareɯS18,ɯS19,ɯS24,ɯS28,ɯS29,ɯandɯT13,ɯrepresentingɯ326ɯ
residentialɯunits,ɯ394ɯhotelɯrooms,ɯandɯoneɯpark.ɯ

Totalɯnoiseɯlevelsɯatɯmanyɯofɯtheɯsitesɯwouldɯbeɯgreaterɯthanɯtheɯpredictedɯ
trafficɯnoiseɯlevelɯbecauseɯnonɪtrafficɯsoundɯsourcesɯcontributeɯsubstantiallyɯtoɯ
theɯtotalɯenvironmentalɯnoiseɯlevelɯinɯmuchɯofɯtheɯstudyɯarea.ɯɯNonɪtrafficɯ
noiseɯsourcesɯatɯtheɯvariousɯsitesɯincludedɯaircraft,ɯsoundsɯfromɯrestaurantsɯ
andɯotherɯbusinesses,ɯsidewalkɯnoise,ɯconstructionɯnoise,ɯbuildingɯmechanicalɯ
noise,ɯalarms,ɯandɯsirens.ɯ

5.3.1 Traffic Noise South of the Battery Street Tunnel 
InɯtheɯareaɯsouthɯofɯtheɯBatteryɯStreetɯTunnelɯ(ReceptorsɯS1ɯtoɯS19,ɯT1ɯtoɯT5,ɯ
T7,ɯandɯC1ɯtoɯC9),ɯtrafficɯnoiseɯlevelsɯwouldɯvaryɯbyɯupɯtoɯ1ɯdBAɯcomparedɯtoɯ
existingɯconditionsɯasɯaɯresultɯofɯsmallɯchangesɯinɯtrafficɯpatternsɯandɯ
volumes.ɯɯTheseɯchangesɯinɯtrafficɯnoiseɯlevelsɯwouldɯnotɯbeɯaudible.ɯ

TheɯtrafficɯnoiseɯprofileɯwasɯdevelopedɯatɯtheɯsameɯlocationɯforɯtheɯAerialɯ
Alternativeɯasɯforɯtheɯotherɯalternativesɯ(Exhibitɯ5ɪ7).ɯ

Option:  SR 99 At-Grade With SR 519 Elevated Interchange 
TheɯareaɯsouthɯofɯS.ɯKingɯStreetɯwasɯnotɯconsideredɯinɯthisɯanalysisɯbecauseɯ
thereɯareɯnoɯnoiseɪsensitiveɯlandɯusesɯsouthɯofɯS.ɯRoyalɯBroughamɯWay.ɯ
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5.3.2 Traffic Noise in Belltown and the North Waterfront
In the Belltown and North Waterfront area (Receptors S20 to S22 and T6, T8 to 
T12), traffic noise levels would vary by up to 1 dBA compared to existing 
conditions as a result of changes in traffic patterns in the Belltown area.  These 
changes in traffic noise levels would not be audible.

Exhibit 5-7.  Aerial Alternative Noise Profile at Spring Street
Note:  FHWA traffic noise abatement criterion is 67 dBA.

Broad Street Underpass not Constructed
In the event that the Broad Street underpass is not constructed, traffic to and 
from Magnolia and the Ballard Bridge would continue to be routed primarily 
along Elliott and Western Avenues via reconstructed ramps south of the 
Battery Street Tunnel.  Compared to the analyzed alternative, this option 
could shift a small volume of traffic off of the Alaskan Way surface street onto 
the rebuilt viaduct south of the Battery Street Tunnel and onto Elliott and 
Western Avenues through Belltown.  This option is expected to change traffic 
noise levels by less than 1 dBA as a result of shifting the traffic from the 
waterfront to Belltown.

Seneca Street 
off-ramp
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5.3.3 Traffic Noise North of the Battery Street Tunnel 
InɯtheɯareaɯnorthɯofɯtheɯBatteryɯStreetɯTunnelɯ(ReceptorsɯS23ɯtoɯS30ɯandɯT13),ɯ
trafficɯnoiseɯlevelsɯwouldɯvaryɯbyɯupɯtoɯ2ɯdBAɯcomparedɯtoɯexistingɯ
conditionsɯasɯaɯresultɯofɯwideningɯofɯMercerɯStreetɯandɯchangesɯinɯtrafficɯinɯ
theɯarea.ɯɯTheseɯchangesɯinɯtrafficɯnoiseɯlevelsɯwouldɯnotɯbeɯaudible.ɯ

Option:  Lowered Aurora/SR 99 
TheɯoptionɯtoɯlowerɯAuroraɯAvenueɯnorthɯofɯtheɯBatteryɯStreetɯTunnelɯwouldɯ
reduceɯtrafficɯnoiseɯlevelsɯsomewhatɯatɯreceptorsɯnorthɯofɯtheɯtunnelɯ
(ReceptorsɯS24ɯtoɯS30)ɯbecauseɯtheɯretainingɯwallsɯalongɯtheɯloweredɯsectionɯ
wouldɯshieldɯadjacentɯareasɯfromɯnoise.ɯɯTrafficɯnoiseɯlevelsɯwouldɯlikelyɯbeɯ
reducedɯbyɯbetweenɯ1ɯandɯ5ɯdBAɯinɯthisɯarea,ɯdependingɯonɯtheɯlocationɯofɯtheɯ
receptor.ɯ

5.3.4 Ventilation System Noise 
ImprovementsɯtoɯtheɯBatteryɯStreetɯTunnelɯwouldɯincludeɯtheɯextensionɯofɯtheɯ
tunnelɯportalsɯandɯinstallationɯofɯjetɯfansɯtoɯprovideɯemergencyɯandɯ
supplementalɯventilation.ɯɯWithinɯtheɯtunnel,ɯtheɯventilationɯfansɯandɯjetɯfansɯ
wouldɯbeɯdesignedɯforɯ92ɯdBAɯatɯ10ɯfeetɯfromɯeitherɯtheɯfanɯoutletɯorɯjetɯfans.ɯɯ
Thereɯareɯseveralɯresidentialɯusesɯnearɯtheɯsouthɯportal:ɯɯElliottɯPointɯ
Apartments,ɯBelltownɯLoftɯCondominiums,ɯandɯ2300ɯElliottɯApartments.ɯɯTheɯ
HolidayɯInnɯandɯSeattleɯInnɯhotelsɯareɯwithinɯoneɯblockɯofɯtheɯnorthɯportal.ɯɯ
Theɯjetɯfansɯareɯexpectedɯtoɯoperateɯduringɯpeakɪtrafficɯperiodsɯandɯinɯ
emergencies.ɯɯDuringɯnormalɯoperations,ɯtheɯfansɯwouldɯoperateɯatɯreducedɯ
output.ɯɯTheɯjetɯfansɯwouldɯbeɯdesignedɯnotɯtoɯexceedɯ57ɯdBAɯatɯtheɯnearestɯ
residentialɯpropertyɯlineɯduringɯnormalɯdaytimeɯoperations.ɯɯIfɯtheyɯnormallyɯ
wouldɯbeɯoperatedɯduringɯnighttimeɯhoursɯ(10ɯp.m.ɯtoɯ7ɯa.m.ɯonɯweekdaysɯ
andɯ10ɯp.m.ɯtoɯ9ɯa.m.ɯonɯweekends)ɯtheyɯwouldɯbeɯdesignedɯnotɯtoɯexceedɯ47ɯ
dBAɯduringɯthoseɯhours.ɯɯ

5.3.5 Vibration Impacts 
LongɪtermɯvibrationɯimpactsɯunderɯtheɯAerialɯAlternativeɯwouldɯbeɯsimilarɯtoɯ
existingɯlevels,ɯbecauseɯtheɯnewɯviaductɯstructureɯwouldɯbeɯinɯaɯsimilarɯ
locationɯtoɯtheɯexistingɯviaduct.ɯɯVibrationɯenergyɯwouldɯcontinueɯtoɯbeɯ
transferredɯfromɯtheɯstructureɯtoɯtheɯgroundɯviaɯtheɯcolumns.ɯ

5.4  Tunnel Alternative 
TrafficɯoperationsɯwithɯtheɯTunnelɯAlternativeɯareɯsimilarɯtoɯtheɯAerialɯandɯ
RebuildɯAlternatives;ɯhowever,ɯSRɯ99ɯtrafficɯalongɯtheɯcentralɯwaterfrontɯ
wouldɯbeɯroutedɯunderground,ɯsubstantiallyɯreducingɯtrafficɯnoiseɯinɯthatɯ
area.ɯɯLoudestɯhourɯtrafficɯnoiseɯlevelsɯunderɯtheɯTunnelɯAlternativeɯwouldɯ
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rangeɯbetweenɯ58ɯandɯ80ɯdBAɯatɯmodeledɯlocationsɯ(seeɯExhibitsɯ5ɪ1ɯandɯ5ɪ2).ɯɯ
Trafficɯnoiseɯlevelsɯareɯpredictedɯtoɯchangeɯbetweenɯaɯ12ɪdBAɯdecreaseɯandɯaɯ
6ɪdBAɯincreaseɯcomparedɯtoɯexistingɯlevels.ɯɯAɯ12ɪdBAɯdecreaseɯinɯtrafficɯ
noiseɯlevelsɯsoundsɯapproximatelyɯlikeɯaɯhalvingɯofɯtheɯnoiseɯlevel.ɯ

TheɯmodeledɯtrafficɯnoiseɯlevelsɯapproachɯorɯexceedɯtheɯFHWAɯnoiseɯ
abatementɯcriteriaɯatɯ30ɯofɯtheɯ48ɯmodeledɯsites.ɯɯTheɯsitesɯmodeledɯtoɯ
approachɯorɯexceedɯtheɯFHWAɯnoiseɯabatementɯcriteriaɯrepresentɯ
approximatelyɯ4,250ɯresidentialɯunits,ɯ1,290ɯhotelɯrooms,ɯandɯ120ɯshelterɯbeds.ɯɯ
Fourɯofɯtheɯsitesɯrepresentɯparkɯorɯpublicɯopenɯspaceɯuses,ɯtwoɯrepresentɯ
educationalɯorɯchildcareɯfacilities,ɯandɯthreeɯsitesɯrepresentɯcommercialɯorɯ
otherɯlessɯnoiseɪsensitiveɯusesɯonlyɯ(Exhibitɯ5ɪ3).ɯɯManyɯofɯtheɯresidentialɯandɯ
hotelɯsitesɯdoɯnotɯhaveɯprivateɯoutdoorɯuseɯareasɯandɯhaveɯonlyɯindoorɯnoiseɪ
sensitiveɯusesɯ(ActivityɯCategoryɯE).ɯ

Theɯsameɯsixɯsitesɯmodeledɯtoɯexperienceɯsevereɯnoiseɯimpactsɯunderɯtheɯ
previousɯalternativesɯwouldɯalsoɯexperienceɯsevereɯnoiseɯimpactsɯinɯ2030ɯ
underɯtheɯTunnelɯAlternative.ɯɯTheɯsitesɯwhereɯsevereɯnoiseɯimpactsɯareɯ
expectedɯareɯS18,ɯS19,ɯS24,ɯS28,ɯS29,ɯandɯT13,ɯrepresentingɯ326ɯresidentialɯ
units,ɯ394ɯhotelɯrooms,ɯandɯoneɯpark.ɯ

Totalɯnoiseɯlevelsɯatɯmanyɯofɯtheɯsitesɯwouldɯbeɯgreaterɯthanɯtheɯpredictedɯ
trafficɯnoiseɯlevelɯbecauseɯnonɪtrafficɯsoundɯsourcesɯcontributeɯsubstantiallyɯtoɯ
theɯtotalɯenvironmentalɯnoiseɯlevelɯinɯmuchɯofɯtheɯstudyɯarea.ɯɯNonɪtrafficɯ
noiseɯsourcesɯatɯtheɯvariousɯsitesɯincludedɯaircraft,ɯsoundsɯfromɯrestaurantsɯ
andɯotherɯbusinesses,ɯsidewalkɯnoise,ɯconstructionɯnoise,ɯbuildingɯmechanicalɯ
noise,ɯalarms,ɯandɯsirens.ɯ

At-grade Design Option South of South King Street 
TheɯareaɯsouthɯofɯS.ɯKingɯStreetɯwasɯnotɯconsideredɯinɯthisɯanalysisɯbecauseɯ
thereɯareɯnoɯnoiseɪsensitiveɯlandɯusesɯsouthɯofɯS.ɯRoyalɯBroughamɯWay.ɯ

5.4.1 Traffic Noise South of the Battery Street Tunnel 
InɯtheɯareaɯsouthɯofɯtheɯBatteryɯStreetɯTunnelɯ(ReceptorsɯS1ɯtoɯS19,ɯT1ɯtoɯT5,ɯ
T7,ɯandɯC1ɯtoɯC9),ɯtrafficɯnoiseɯlevelsɯwouldɯvaryɯbetweenɯaɯ12ɪdBAɯdecreaseɯ
andɯaɯ6ɪdBAɯincreaseɯcomparedɯtoɯexistingɯconditions.ɯɯAtɯtheɯsouthɯendɯofɯ
theɯWaterfrontɯLandingɯCondominiums,ɯtrafficɯnoiseɯlevelsɯareɯpredictedɯtoɯ
increaseɯbyɯ6ɯdBAɯwhereɯtheɯwaterfrontɯtunnelɯwouldɯtransitionɯintoɯanɯaerialɯ
structureɯtoɯconnectɯtoɯtheɯexistingɯBatteryɯStreetɯTunnel.ɯɯAtɯthisɯlocation,ɯSRɯ
99ɯisɯcurrentlyɯoverhead,ɯbutɯwouldɯbeɯnearɯgroundɯlevelɯandɯclimbingɯ
towardsɯtheɯBatteryɯStreetɯTunnelɯunderɯtheɯTunnelɯAlternative;ɯtherefore,ɯ
thereɯwouldɯbeɯaɯdirectɯlineɯofɯsightɯtoɯtrafficɯfromɯthisɯlocation.ɯɯ
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Receptors south of Pike Street along the waterfront and within one to two 
blocks east of Alaskan Way (Receptors S5, S8, S15, S16, S17, and C2) would 
experience decreases in traffic noise levels compared to existing levels of 
between 8 and 12 dBA as a result of eliminating traffic on the Alaskan Way 
Viaduct as a noise source.  Traffic noise in this area would subjectively be 
between noticeably quieter and one-half as loud as existing traffic noise levels 
in this area.

A traffic noise profile was developed at the same location for the Tunnel 
Alternative as for the other alternatives (Exhibit 5-8).  The noise profile for the 
Tunnel Alternative is approximately 10 dBA lower than the alternatives with 
only aboveground traffic.  This can be observed by comparing the scale along 
the left of the exhibits. 

Exhibit 5-8.  Tunnel Alternative Noise Profile at Spring Street
Note:  FHWA traffic noise abatement criterion is 67 dBA.

5.4.2 Traffic Noise in Belltown and the North Waterfront
In the Belltown and North Waterfront area (Receptors S20 to S22 and T6, T8 to 
T12), traffic noise levels would vary by up to 2 dBA compared to existing 
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conditionsɯasɯaɯresultɯofɯchangesɯinɯtrafficɯpatternsɯinɯtheɯBelltownɯarea.ɯɯTheseɯ
changesɯinɯtrafficɯnoiseɯlevelsɯwouldɯnotɯbeɯaudible.ɯ

Broad Street Underpass not Constructed 
InɯtheɯeventɯthatɯtheɯBroadɯStreetɯunderpassɯisɯnotɯconstructed,ɯrampsɯwouldɯ
needɯtoɯbeɯconstructedɯfromɯAlaskanɯWayɯnorthɯofɯtheɯcentralɯwaterfrontɯ
tunnelɯtoɯElliottɯand/orɯWesternɯAvenuesɯtoɯreplaceɯtheɯexistingɯconnectionsɯ
toɯtheɯAlaskanɯWayɯViaductɯinɯthatɯarea.ɯɯThisɯoptionɯwouldɯshiftɯtrafficɯoffɯofɯ
theɯAlaskanɯWayɯsurfaceɯstreetɯintoɯtheɯcentralɯwaterfrontɯtunnelɯandɯontoɯ
ElliottɯandɯWesternɯAvenuesɯthroughɯBelltown.ɯɯThisɯoptionɯcouldɯreduceɯ
trafficɯnoiseɯlevelsɯalongɯtheɯnorthɯwaterfrontɯandɯincreaseɯthemɯalongɯElliottɯ
andɯWesternɯAvenuesɯbyɯ1ɯtoɯ2ɯdBAɯcomparedɯtoɯtheɯtrafficɯnoiseɯanalysisɯ
resultsɯforɯtheɯTunnelɯAlternative.ɯ

5.4.3 Traffic Noise North of the Battery Street Tunnel 
InɯtheɯareaɯnorthɯofɯtheɯBatteryɯStreetɯTunnelɯ(ReceptorsɯS23ɯtoɯS30ɯandɯT13),ɯ
trafficɯnoiseɯlevelsɯwouldɯvaryɯbyɯupɯtoɯ2ɯdBAɯcomparedɯtoɯexistingɯ
conditionsɯasɯaɯresultɯofɯwideningɯofɯMercerɯStreetɯandɯchangesɯinɯtrafficɯinɯ
theɯarea.ɯɯTheseɯchangesɯinɯtrafficɯnoiseɯlevelsɯwouldɯnotɯbeɯaudible.ɯ

5.4.4 Ventilation System Noise 
Theɯcentralɯwaterfrontɯtunnelɯwouldɯrequireɯtheɯconstructionɯandɯoperationɯofɯ
aɯmechanicalɯventilationɯsystemɯwithɯseveralɯventilationɯstacks.ɯɯAtɯtheɯsouthɯ
portalɯandɯKingɯStreetɯventɯbuilding,ɯthereɯareɯmostlyɯindustrialɯandɯ
commercialɯuses.ɯɯTheɯventilationɯfansɯwouldɯbeɯdesignedɯnotɯtoɯexceedɯ
60ɯdBAɯatɯtheɯnearestɯcommercialɯpropertyɯlineɯduringɯnormalɯoperations.ɯ

ThereɯareɯtwoɯresidentialɯreceiversɯnearɯtheɯYeslerɯWayɯventɯbuilding,ɯtheɯ
TravelersɯHotelɯandɯPioneerɯSquareɯHotel.ɯɯTheɯclosestɯreceiversɯtoɯtheɯSpringɯ
Streetɯventɯbuildingɯareɯcommercialɯuses.ɯɯHowever,ɯHarborɯStepsɯ
ApartmentsɯandɯGrandɯPacificɯCondominiums,ɯlocatedɯapproximatelyɯoneɯ
blockɯfromɯtheɯventɯbuilding,ɯareɯtheɯclosestɯresidentialɯuses.ɯɯThereɯareɯ
severalɯresidentialɯusesɯnearɯtheɯPikeɯStreetɯventɯbuilding:ɯɯMarketɯSquare,ɯ
HillclimbɯCourt,ɯandɯRossɯManor.ɯɯTheɯclosestɯresidentialɯreceiversɯtoɯtheɯ
northɯportalɯofɯtheɯwaterfrontɯtunnelɯareɯtheɯWaterfrontɯLandingsɯ
CondominiumsɯandɯMarriottɯHotel.ɯɯTheɯventilationɯfansɯwouldɯbeɯdesignedɯ
notɯtoɯexceedɯeitherɯ60ɯdBAɯatɯtheɯnearestɯcommercialɯusesɯorɯ57ɯdBAɯatɯtheɯ
propertyɯlineɯofɯtheɯnearestɯresidentialɯuseɯduringɯnormalɯoperations,ɯ
whicheverɯisɯtheɯmostɯrestrictive.ɯɯIfɯtheyɯnormallyɯwouldɯbeɯoperatedɯduringɯ
nighttimeɯhoursɯ(10ɯp.m.ɯtoɯ7ɯa.m.ɯonɯweekdaysɯandɯ10ɯp.m.ɯtoɯ9ɯa.m.ɯonɯ
weekends)ɯtheyɯwouldɯbeɯdesignedɯnotɯtoɯexceedɯ47ɯdBAɯatɯtheɯpropertyɯlineɯ
ofɯtheɯnearestɯresidentialɯuseɯduringɯnighttimeɯhours.ɯ



SRɯ99:ɯAlaskanɯWayɯViaductɯ&ɯSeawallɯReplacementɯProjectɯ Marchɯ2004ɯ
NoiseɯandɯVibrationɯDisciplineɯReportɯ 55ɯ
DraftɯEISɯ

ImprovementsɯtoɯtheɯBatteryɯStreetɯTunnelɯwouldɯincludeɯtheɯextensionɯofɯtheɯ
tunnelɯportalsɯandɯinstallationɯofɯjetɯfansɯtoɯprovideɯemergencyɯandɯ
supplementalɯventilation.ɯɯWithinɯtheɯtunnel,ɯtheɯventilationɯfansɯandɯjetɯfansɯ
wouldɯbeɯdesignedɯforɯ92ɯdBAɯatɯ10ɯfeetɯfromɯeitherɯtheɯfanɯoutletɯorɯjetɯfans.ɯɯ
Thereɯareɯseveralɯresidentialɯusesɯnearɯtheɯsouthɯportal:ɯɯElliottɯPointɯ
Apartments,ɯBelltownɯLoftɯCondominiums,ɯandɯ2300ɯElliottɯApartments.ɯɯTheɯ
HolidayɯInnɯandɯSeattleɯInnɯhotelsɯareɯwithinɯoneɯblockɯofɯtheɯnorthɯportal.ɯɯ
Theɯjetɯfansɯwouldɯbeɯdesignedɯnotɯtoɯexceedɯ57ɯdBAɯatɯtheɯnearestɯresidentialɯ
propertyɯlineɯduringɯnormalɯdaytimeɯoperations.ɯɯIfɯtheyɯnormallyɯwouldɯbeɯ
operatedɯduringɯnighttimeɯhoursɯtheyɯwouldɯbeɯdesignedɯnotɯtoɯexceedɯ47ɯ
dBAɯduringɯnighttimeɯhours.ɯ

5.4.5 Vibration Impacts 
LongɪtermɯpeakɯvibrationɯlevelsɯunderɯtheɯTunnelɯAlternativeɯwouldɯbeɯlessɯ
thanɯexistingɯlevelsɯbecauseɯvibrationɯenergyɯfromɯtrafficɯtravelingɯinɯtheɯ
tunnelɯorɯonɯtheɯsurfaceɯwouldɯnotɯbeɯconcentratedɯinɯtheɯvicinityɯofɯpiers.ɯ

5.5  Bypass Tunnel Alternative 
TrafficɯoperationsɯwithɯtheɯBypassɯTunnelɯAlternativeɯareɯsimilarɯtoɯtheɯ
TunnelɯAlternative,ɯbutɯtrafficɯtravelingɯbetweenɯsouthɯandɯwestɯSeattleɯandɯ
Interbay,ɯMagnolia,ɯandɯQueenɯAnneɯwouldɯtravelɯalongɯtheɯcentralɯ
waterfrontɯonɯtheɯAlaskanɯWayɯsurfaceɯstreet.ɯɯAsɯaɯresult,ɯtrafficɯvolumesɯandɯ
noiseɯlevelsɯalongɯtheɯcentralɯwaterfrontɯwouldɯbeɯslightlyɯhigherɯthanɯunderɯ
theɯTunnelɯAlternative,ɯbutɯstillɯlowerɯthanɯunderɯtheɯotherɯalternatives.ɯɯ
LoudestɯhourɯtrafficɯnoiseɯlevelsɯunderɯtheɯBypassɯTunnelɯAlternativeɯwouldɯ
rangeɯbetweenɯ59ɯandɯ79ɯdBAɯatɯmodeledɯlocationsɯ(seeɯExhibitsɯ5ɪ1ɯandɯ5ɪ2).ɯɯ
Trafficɯnoiseɯlevelsɯareɯpredictedɯtoɯchangeɯbetweenɯaɯ10ɪdBAɯdecreaseɯandɯaɯ
3ɪdBAɯincreaseɯcomparedɯtoɯexistingɯlevels.ɯɯAɯ10ɪdBAɯdecreaseɯinɯtrafficɯ
noiseɯlevelsɯsoundsɯapproximatelyɯlikeɯaɯhalvingɯofɯtheɯnoiseɯlevel.ɯ

TheɯmodeledɯtrafficɯnoiseɯlevelsɯapproachɯorɯexceedɯtheɯFHWAɯnoiseɯ
abatementɯcriteriaɯatɯ30ɯofɯtheɯ48ɯmodeledɯsites.ɯɯTheɯsitesɯmodeledɯtoɯ
approachɯorɯexceedɯtheɯFHWAɯnoiseɯabatementɯcriteriaɯrepresentɯ
approximatelyɯ4,360ɯresidentialɯunits,ɯ1,290ɯhotelɯrooms,ɯandɯ120ɯshelterɯbeds.ɯɯ
Threeɯofɯtheɯsitesɯrepresentɯparkɯorɯpublicɯopenɯspaceɯuses,ɯtwoɯrepresentɯ
educationalɯorɯchildcareɯfacilities,ɯandɯfiveɯsitesɯrepresentɯcommercialɯorɯotherɯ
lessɯnoiseɪsensitiveɯusesɯonlyɯ(seeɯExhibitɯ5ɪ3).ɯɯManyɯofɯtheɯresidentialɯandɯ
hotelɯsitesɯdoɯnotɯhaveɯprivateɯoutdoorɯuseɯareas,ɯbutɯmostɯhaveɯwindowsɯthatɯ
open.ɯ

Theɯsameɯsixɯsitesɯmodeledɯtoɯexperienceɯsevereɯnoiseɯimpactsɯunderɯtheɯ
previousɯalternativesɯwouldɯalsoɯexperienceɯsevereɯnoiseɯimpactsɯinɯ2030ɯ
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underɯtheɯBypassɯTunnelɯAlternative.ɯɯTheɯsitesɯwhereɯsevereɯnoiseɯimpactsɯ
areɯexpectedɯareɯS18,ɯS19,ɯS24,ɯS28,ɯS29,ɯandɯT13,ɯrepresentingɯ326ɯresidentialɯ
units,ɯ394ɯhotelɯrooms,ɯandɯoneɯpark.ɯ

Totalɯnoiseɯlevelsɯatɯmanyɯofɯtheɯsitesɯwouldɯbeɯgreaterɯthanɯtheɯpredictedɯ
trafficɯnoiseɯlevelɯbecauseɯnonɪtrafficɯsoundɯsourcesɯcontributeɯsubstantiallyɯtoɯ
theɯtotalɯenvironmentalɯnoiseɯlevelɯinɯmuchɯofɯtheɯstudyɯarea.ɯɯNonɪtrafficɯ
noiseɯsourcesɯatɯtheɯvariousɯsitesɯincludedɯaircraft,ɯsoundsɯfromɯrestaurantsɯ
andɯotherɯbusinesses,ɯsidewalkɯnoise,ɯconstructionɯnoise,ɯbuildingɯmechanicalɯ
noise,ɯalarms,ɯandɯsirens.ɯ

5.5.1 Traffic Noise South of the Battery Street Tunnel 
InɯtheɯareaɯsouthɯofɯtheɯBatteryɯStreetɯTunnelɯ(ReceptorsɯS1ɯtoɯS19,ɯT1ɯtoɯT5,ɯ
T7,ɯandɯC1ɯtoɯC7),ɯtrafficɯnoiseɯlevelsɯwouldɯvaryɯbetweenɯaɯ10ɪdBAɯdecreaseɯ
andɯanɯ3ɪdBAɯincreaseɯcomparedɯtoɯexistingɯconditions.ɯɯTheɯtrafficɯnoiseɯlevelɯ
inɯtheɯoriginalɯlocationsɯwouldɯbeɯsimilarɯtoɯtheɯnoiseɯlevelsɯmodeledɯunderɯ
theɯTunnelɯAlternative.ɯɯAtɯtheɯsouthɯendɯofɯtheɯWaterfrontɯLandingɯ
Condominiums,ɯtrafficɯnoiseɯlevelsɯareɯpredictedɯtoɯincreaseɯbyɯ3ɯdBAɯwhereɯ
theɯwaterfrontɯtunnelɯwouldɯtransitionɯintoɯanɯaerialɯstructureɯtoɯconnectɯtoɯ
theɯexistingɯBatteryɯStreetɯTunnel.ɯɯɯ

ReceptorsɯsouthɯofɯPikeɯStreetɯalongɯtheɯwaterfrontɯandɯwithinɯoneɯtoɯtwoɯ
blocksɯeastɯofɯAlaskanɯWayɯ(ReceptorsɯS5,ɯS8,ɯS15,ɯS16,ɯS17,ɯandɯC2)ɯwouldɯ
experienceɯdecreasesɯinɯtrafficɯnoiseɯlevelsɯcomparedɯtoɯexistingɯlevelsɯofɯ
betweenɯ9ɯandɯ10ɯdBAɯasɯaɯresultɯofɯeliminatingɯtrafficɯonɯtheɯAlaskanɯWayɯ
Viaductɯasɯaɯnoiseɯsource.ɯɯTrafficɯnoiseɯinɯthisɯareaɯwouldɯsubjectivelyɯbeɯ
betweenɯnoticeablyɯquieterɯandɯoneɪhalfɯasɯloudɯasɯexistingɯtrafficɯnoiseɯlevelsɯ
inɯthisɯarea.ɯ

TheɯtrafficɯnoiseɯprofileɯwasɯdevelopedɯatɯtheɯsameɯlocationɯforɯtheɯBypassɯ
TunnelɯAlternativeɯasɯforɯtheɯotherɯalternativesɯ(Exhibitɯ5ɪ9).ɯɯTheɯBypassɯ
TunnelɯAlternativeɯhasɯaɯsimilarɯprofileɯtoɯtheɯTunnelɯAlternative.ɯ

5.5.2 Traffic Noise in Belltown and the North Waterfront 
InɯtheɯBelltownɯandɯNorthɯWaterfrontɯareaɯ(ReceptorsɯS20ɯtoɯS22ɯandɯT6,ɯT8ɯtoɯ
T12),ɯtrafficɯnoiseɯlevelsɯwouldɯvaryɯbyɯupɯtoɯ3ɯdBAɯcomparedɯtoɯexistingɯ
conditionsɯasɯaɯresultɯofɯchangesɯinɯtrafficɯpatternsɯinɯtheɯBelltownɯarea.ɯɯTheseɯ
changesɯinɯtrafficɯnoiseɯlevelsɯwouldɯnotɯbeɯaudible.ɯ

ɯ
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Exhibit 5-9.  Bypass Tunnel Alternative Noise Profile at Spring Street 
Note:ɯɯFHWAɯtrafficɯnoiseɯabatementɯcriterionɯisɯ67ɯdBA.ɯ

Broad Street Underpass not Constructed 
InɯtheɯeventɯthatɯtheɯBroadɯStreetɯunderpassɯisɯnotɯconstructed,ɯAlaskanɯWayɯ
surfaceɯstreetɯwouldɯneedɯtoɯbeɯconnectedɯtoɯElliottɯand/orɯWesternɯAvenuesɯ
toɯreplaceɯtheɯexistingɯconnectionsɯtoɯtheɯAlaskanɯWayɯViaductɯinɯthatɯarea.ɯɯ
ThisɯoptionɯwouldɯshiftɯtrafficɯoffɯofɯtheɯAlaskanɯWayɯsurfaceɯstreetɯalongɯtheɯ
northɯwaterfrontɯandɯontoɯElliottɯandɯWesternɯAvenuesɯthroughɯBelltown.ɯɯ
Thisɯoptionɯcouldɯreduceɯtrafficɯnoiseɯlevelsɯalongɯtheɯnorthɯwaterfrontɯandɯ
increaseɯthemɯalongɯElliottɯandɯWesternɯAvenuesɯbyɯ1ɯtoɯ2ɯdBAɯcomparedɯtoɯ
theɯtrafficɯnoiseɯanalysisɯresultsɯforɯtheɯBypassɯTunnelɯAlternative.ɯ

5.5.3 Traffic Noise North of the Battery Street Tunnel 
InɯtheɯareaɯnorthɯofɯtheɯBatteryɯStreetɯTunnelɯ(ReceptorsɯS23ɯtoɯS30ɯandɯT13),ɯ
trafficɯnoiseɯlevelsɯwouldɯvaryɯbyɯupɯtoɯ2ɯdBAɯcomparedɯtoɯexistingɯ
conditionsɯasɯaɯresultɯofɯwideningɯofɯMercerɯStreetɯandɯchangesɯinɯtrafficɯinɯ
theɯarea.ɯɯTheseɯchangesɯinɯtrafficɯnoiseɯlevelsɯwouldɯnotɯbeɯaudible.ɯ
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5.5.4 Ventilation System Noise 
Theɯcentralɯwaterfrontɯtunnelɯwouldɯrequireɯtheɯconstructionɯandɯoperationɯofɯ
aɯmechanicalɯventilationɯsystemɯwithɯseveralɯventilationɯstacks.ɯɯAtɯtheɯsouthɯ
portalɯandɯKingɯStreetɯventɯbuilding,ɯthereɯareɯmostlyɯindustrialɯandɯ
commercialɯuses.ɯɯTheɯventilationɯfansɯwouldɯbeɯdesignedɯnotɯtoɯexceedɯ
60ɯdBAɯatɯtheɯnearestɯcommercialɯpropertyɯlineɯduringɯnormalɯoperations.ɯ

ThereɯareɯtwoɯresidentialɯreceiversɯnearɯtheɯYeslerɯWayɯventɯbuilding,ɯtheɯ
TravelersɯHotelɯandɯPioneerɯSquareɯHotel.ɯɯTheɯclosestɯreceiversɯtoɯtheɯSpringɯ
Streetɯventɯbuildingɯareɯcommercialɯuses.ɯɯHowever,ɯHarborɯStepsɯ
ApartmentsɯandɯGrandɯPacificɯCondominiums,ɯlocatedɯapproximatelyɯoneɯ
blockɯfromɯtheɯventɯbuilding,ɯareɯtheɯclosestɯresidentialɯuses.ɯɯThereɯareɯ
severalɯresidentialɯusesɯnearɯtheɯPikeɯStreetɯventɯbuilding:ɯɯMarketɯSquare,ɯ
HillclimbɯCourt,ɯandɯRossɯManor.ɯɯTheɯclosestɯresidentialɯreceiversɯtoɯtheɯ
northɯportalɯofɯtheɯwaterfrontɯtunnelɯareɯtheɯWaterfrontɯLandingsɯ
CondominiumsɯandɯMarriottɯHotel.ɯɯTheɯventilationɯfansɯwouldɯbeɯdesignedɯ
forɯnormalɯoperationalɯnoiseɯlevelsɯnotɯtoɯexceedɯeitherɯ60ɯdBAɯatɯtheɯnearestɯ
commercialɯusesɯorɯ57ɯdBAɯatɯtheɯpropertyɯlineɯofɯtheɯnearestɯresidentialɯuse,ɯ
whicheverɯisɯtheɯmostɯrestrictive.ɯɯIfɯtheyɯnormallyɯwouldɯbeɯoperatedɯduringɯ
nighttimeɯhoursɯ(10ɯp.m.ɯtoɯ7ɯa.m.ɯonɯweekdaysɯandɯ10ɯp.m.ɯtoɯ9ɯa.m.ɯonɯ
weekends)ɯtheyɯwouldɯbeɯdesignedɯnotɯtoɯexceedɯ47ɯdBAɯatɯtheɯpropertyɯlineɯ
ofɯtheɯnearestɯresidentialɯuseɯduringɯnighttimeɯhours.ɯ

ImprovementsɯtoɯtheɯBatteryɯStreetɯTunnelɯwouldɯincludeɯtheɯextensionɯofɯtheɯ
tunnelɯportalsɯandɯinstallationɯofɯjetɯfansɯtoɯprovideɯemergencyɯandɯ
supplementalɯventilation.ɯɯWithinɯtheɯtunnel,ɯtheɯventilationɯfansɯandɯjetɯfansɯ
wouldɯbeɯdesignedɯforɯ92ɯdBAɯatɯ10ɯfeetɯfromɯeitherɯtheɯfanɯoutletɯorɯjetɯfans.ɯɯ
Thereɯareɯseveralɯresidentialɯusesɯnearɯtheɯsouthɯportal:ɯɯElliottɯPointɯ
Apartments,ɯBelltownɯLoftɯCondominiums,ɯandɯ2300ɯElliottɯApartments.ɯɯTheɯ
HolidayɯInnɯandɯSeattleɯInnɯhotelsɯareɯwithinɯoneɯblockɯofɯtheɯnorthɯportal.ɯɯ
Theɯjetɯfansɯwouldɯbeɯdesignedɯnotɯtoɯexceedɯ57ɯdBAɯatɯtheɯnearestɯresidentialɯ
propertyɯlineɯduringɯnormalɯdaytimeɯoperations.ɯɯIfɯtheyɯnormallyɯwouldɯbeɯ
operatedɯduringɯnighttimeɯhoursɯtheyɯwouldɯbeɯdesignedɯnotɯtoɯexceedɯ47ɯ
dBAɯduringɯnighttimeɯhours.ɯ

5.5.5 Vibration Impacts 
LongɪtermɯpeakɯvibrationɯlevelsɯunderɯtheɯBypassɯTunnelɯAlternativeɯwouldɯ
beɯlessɯthanɯexistingɯlevelsɯbecauseɯvibrationɯenergyɯfromɯtrafficɯtravelingɯinɯ
theɯtunnelɯorɯonɯtheɯsurfaceɯwouldɯnotɯbeɯconcentratedɯinɯtheɯvicinityɯofɯpiers.ɯ
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5.6  Surface Alternative 
TrafficɯoperationsɯwithɯtheɯSurfaceɯAlternativeɯdifferɯfromɯtheɯotherɯ
alternativesɯbyɯroutingɯbothɯlocalɯaccessɯandɯthroughɯtrafficɯtoɯtheɯarterialɯ
streetɯgrid.ɯɯThisɯalternativeɯhasɯlowerɯcapacity,ɯresultingɯinɯlowerɯtrafficɯ
volumes;ɯhowever,ɯtheɯvolumesɯareɯdistributedɯontoɯtheɯsurfaceɯstreetsɯ
adjacentɯtoɯmanyɯofɯtheɯnoiseɪsensitiveɯreceptorsɯinɯtheɯprojectɯarea.ɯɯTheɯ
loudestɯtrafficɯhourɯwouldɯnotɯbeɯtheɯpeakɯhourɯunderɯtheɯSurfaceɯAlternative,ɯ
becauseɯaverageɯspeedsɯwouldɯbeɯsubstantiallyɯloweredɯbyɯtrafficɯcongestion.ɯɯ
Earlyɪmorning,ɯmidday,ɯandɯeveningɯperiodsɯwithɯhighɯtrafficɯvolumesɯstillɯ
ableɯtoɯtravelɯnearɯtheɯspeedɯlimitɯwouldɯresultɯinɯtheɯhighestɯtrafficɯnoiseɯ
conditions.ɯ

LoudestɯhourɯtrafficɯnoiseɯlevelsɯunderɯtheɯSurfaceɯAlternativeɯwouldɯrangeɯ
betweenɯ60ɯandɯ79ɯdBAɯatɯmodeledɯlocationsɯ(seeɯExhibitsɯ5ɪ1ɯandɯ5ɪ2).ɯɯ
Trafficɯnoiseɯlevelsɯareɯpredictedɯtoɯchangeɯbetweenɯaɯ4ɪdBAɯdecreaseɯandɯaɯ
5ɪdBAɯincreaseɯcomparedɯtoɯexistingɯlevels.ɯɯAɯ5ɪdBAɯincreaseɯinɯtrafficɯnoiseɯ
isɯreadilyɯnoticeable.ɯ

TheɯmodeledɯtrafficɯnoiseɯlevelsɯapproachɯorɯexceedɯtheɯFHWAɯnoiseɯ
abatementɯcriteriaɯatɯ42ɯofɯtheɯ48ɯmodeledɯsites.ɯɯTheɯsitesɯmodeledɯtoɯ
approachɯorɯexceedɯtheɯFHWAɯnoiseɯabatementɯcriteriaɯrepresentɯ
approximatelyɯ4,490ɯresidentialɯunits,ɯ1,290ɯhotelɯrooms,ɯandɯ120ɯshelterɯbeds.ɯɯ
Nineɯofɯtheɯsitesɯrepresentɯparkɯorɯpublicɯopenɯspaceɯuses,ɯtwoɯrepresentɯ
educationalɯorɯchildcareɯfacilities,ɯandɯfiveɯsitesɯrepresentɯcommercialɯorɯotherɯ
lessɯnoiseɪsensitiveɯusesɯonlyɯ(seeɯExhibitɯ5ɪ3).ɯɯManyɯofɯtheɯresidentialɯandɯ
hotelɯsitesɯdoɯnotɯhaveɯprivateɯoutdoorɯuseɯareas,ɯbutɯmostɯhaveɯwindowsɯthatɯ
open.ɯ

Theɯsameɯsixɯsitesɯmodeledɯtoɯexperienceɯsevereɯnoiseɯimpactsɯunderɯtheɯ
previousɯalternativesɯwouldɯalsoɯexperienceɯsevereɯnoiseɯimpactsɯinɯ2030ɯ
underɯtheɯSurfaceɯAlternative.ɯɯTheɯsitesɯwhereɯsevereɯnoiseɯimpactsɯareɯ
expectedɯareɯS18,ɯS19,ɯS24,ɯS28,ɯS29,ɯandɯT13,ɯrepresentingɯ326ɯresidentialɯ
units,ɯ394ɯhotelɯrooms,ɯandɯoneɯpark.ɯ

Totalɯnoiseɯlevelsɯatɯmanyɯofɯtheɯsitesɯwouldɯbeɯgreaterɯthanɯtheɯpredictedɯ
trafficɯnoiseɯlevelɯbecauseɯnonɪtrafficɯsoundɯsourcesɯcontributeɯsubstantiallyɯtoɯ
theɯtotalɯenvironmentalɯnoiseɯlevelɯinɯmuchɯofɯtheɯstudyɯarea.ɯɯNonɪtrafficɯ
noiseɯsourcesɯatɯtheɯvariousɯsitesɯincludedɯaircraft,ɯsoundsɯfromɯrestaurantsɯ
andɯotherɯbusinesses,ɯsidewalkɯnoise,ɯconstructionɯnoise,ɯbuildingɯmechanicalɯ
noise,ɯalarms,ɯandɯsirens.ɯ
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5.6.1 Traffic Noise South of the Battery Street Tunnel 
InɯtheɯareaɯsouthɯofɯtheɯBatteryɯStreetɯTunnelɯ(ReceptorsɯS1ɯtoɯS19,ɯT1ɯtoɯT5,ɯ
T7,ɯandɯC1ɯtoɯC9),ɯtrafficɯnoiseɯlevelsɯwouldɯvaryɯbetweenɯaɯ4ɪdBAɯdecreaseɯ
andɯaɯ2ɪdBAɯincreaseɯcomparedɯtoɯexistingɯconditions.ɯɯTrafficɯnoiseɯlevelsɯ
alongɯtheɯbicycleɯandɯpedestrianɯfacilitiesɯalongɯtheɯAlaskanɯWayɯsurfaceɯ
streetɯwouldɯincreaseɯbyɯupɯtoɯ3ɯdBAɯcomparedɯtoɯexistingɯlevelsɯasɯaɯresultɯofɯ
increasedɯsurfaceɯtrafficɯimmediatelyɯadjacentɯtoɯtheɯbicycleɯandɯpedestrianɯ
facilities.ɯ

TheɯtrafficɯnoiseɯprofileɯwasɯdevelopedɯatɯtheɯsameɯlocationɯforɯtheɯSurfaceɯ
Alternativeɯasɯforɯtheɯotherɯalternativesɯ(Exhibitɯ5ɪ10).ɯɯTheɯscaleɯonɯtheɯ
SurfaceɯAlternativeɯexhibitɯisɯtheɯsameɯasɯonɯtheɯNoɯBuild,ɯRebuild,ɯandɯAerialɯ
Alternatives.ɯ

At-grade Design Option 
TheɯareaɯsouthɯofɯS.ɯKingɯStreetɯwasɯnotɯconsideredɯinɯthisɯanalysisɯbecauseɯ
thereɯareɯnoɯnoiseɪsensitiveɯlandɯusesɯsouthɯofɯS.ɯRoyalɯBroughamɯWay.ɯ

5.6.2 Traffic Noise in Belltown and the North Waterfront 
InɯtheɯBelltownɯandɯNorthɯWaterfrontɯareaɯ(ReceptorsɯS20ɯtoɯS22ɯandɯT6,ɯT8ɯtoɯ
T12),ɯtrafficɯnoiseɯlevelsɯwouldɯvaryɯbyɯupɯtoɯ1ɯdBAɯcomparedɯtoɯexistingɯ
conditionsɯasɯaɯresultɯofɯchangesɯinɯtrafficɯpatternsɯinɯtheɯBelltownɯarea.ɯɯTheseɯ
changesɯinɯtrafficɯnoiseɯlevelsɯwouldɯnotɯbeɯaudible.ɯ

Broad Street Underpass not Constructed 
InɯtheɯeventɯthatɯtheɯBroadɯStreetɯunderpassɯisɯnotɯconstructed,ɯaccessɯwouldɯ
needɯtoɯbeɯprovidedɯfromɯAlaskanɯWayɯtoɯElliottɯand/orɯWesternɯAvenuesɯtoɯ
replaceɯtheɯexistingɯconnectionsɯtoɯtheɯAlaskanɯWayɯViaductɯinɯthatɯarea.ɯɯThisɯ
optionɯwouldɯshiftɯtrafficɯoffɯofɯtheɯAlaskanɯWayɯsurfaceɯstreetɯintoɯtheɯcentralɯ
waterfrontɯtunnelɯandɯontoɯElliottɯandɯWesternɯAvenuesɯthroughɯBelltown.ɯɯ
Thisɯoptionɯcouldɯreduceɯtrafficɯnoiseɯlevelsɯalongɯtheɯnorthɯwaterfrontɯandɯ
increaseɯthemɯalongɯElliottɯandɯWesternɯAvenuesɯbyɯ1ɯtoɯ2ɯdBAɯcomparedɯtoɯ
theɯtrafficɯnoiseɯanalysisɯresultsɯforɯtheɯSurfaceɯAlternative.ɯ

5.6.3 Traffic Noise North of the Battery Street Tunnel 
InɯtheɯareaɯnorthɯofɯtheɯBatteryɯStreetɯTunnelɯ(ReceptorsɯS23ɯtoɯS30ɯandɯT13),ɯ
trafficɯnoiseɯlevelsɯwouldɯvaryɯbyɯupɯtoɯ2ɯdBAɯcomparedɯtoɯexistingɯ
conditionsɯasɯaɯresultɯofɯwideningɯofɯMercerɯStreetɯandɯchangesɯinɯtrafficɯinɯ
theɯarea.ɯɯTheseɯchangesɯinɯtrafficɯnoiseɯlevelsɯwouldɯnotɯbeɯaudible.ɯ

ɯ
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Exhibit 5-10.  Surface Alternative Noise Profile at Spring Street 
Note:ɯɯFHWAɯtrafficɯnoiseɯabatementɯcriterionɯisɯ67ɯdBA.ɯ
ɯ

Option:  Existing SR 99 With Added Signals at Roy, Republican, and Harrison Streets 
ReconnectingɯtheɯroadwayɯgridɯatɪgradeɯwithɯAuroraɯAvenueɯandɯincludingɯaɯ
signalɯatɯMercerɯStreetɯwouldɯlowerɯspeedsɯonɯAuroraɯAvenue.ɯɯTheɯnoiseɯ
reductionɯasɯaɯresultɯofɯdecreasedɯspeedɯwouldɯbeɯpartiallyɯoffsetɯbyɯvehiclesɯ
acceleratingɯawayɯfromɯtheɯsignal.ɯɯTrafficɯnoiseɯlevelsɯatɯadjacentɯreceptorsɯ
couldɯbeɯ1ɯtoɯ3ɯdBAɯlowerɯasɯaɯresultɯofɯtheɯreducedɯspeed.ɯɯ

5.6.4 Ventilation System Noise 
ImprovementsɯtoɯtheɯBatteryɯStreetɯTunnelɯwouldɯincludeɯtheɯextensionɯofɯtheɯ
tunnelɯportalsɯandɯinstallationɯofɯjetɯfansɯtoɯprovideɯemergencyɯandɯ
supplementalɯventilation.ɯɯWithinɯtheɯtunnel,ɯtheɯventilationɯfansɯandɯjetɯfansɯ
wouldɯbeɯdesignedɯforɯ92ɯdBAɯatɯ10ɯfeetɯfromɯeitherɯtheɯfanɯoutletɯorɯjetɯfans.ɯɯ
Thereɯareɯseveralɯresidentialɯusesɯnearɯtheɯsouthɯportal:ɯɯElliottɯPointɯ
Apartments,ɯBelltownɯLoftɯCondominiums,ɯandɯ2300ɯElliottɯApartments.ɯɯTheɯ
HolidayɯInnɯandɯSeattleɯInnɯhotelsɯareɯwithinɯoneɯblockɯofɯtheɯnorthɯportal.ɯɯ
Theɯjetɯfansɯwouldɯbeɯdesignedɯnotɯtoɯexceedɯ57ɯdBAɯatɯtheɯnearestɯresidentialɯ
propertyɯlineɯduringɯnormalɯdaytimeɯoperations.ɯɯIfɯtheyɯnormallyɯwouldɯbeɯ
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operatedɯduringɯnighttimeɯhoursɯ(10ɯp.m.ɯtoɯ7ɯa.m.ɯonɯweekdaysɯandɯ10ɯp.m.ɯ
toɯ9ɯa.m.ɯonɯweekends)ɯtheyɯwouldɯbeɯdesignedɯnotɯtoɯexceedɯ47ɯdBAɯduringɯ
thoseɯhours.ɯ

5.6.5 Vibration Impacts 
LongɪtermɯpeakɯvibrationɯlevelsɯunderɯtheɯSurfaceɯAlternativeɯwouldɯbeɯlessɯ
thanɯexistingɯlevels,ɯbecauseɯvibrationɯenergyɯfromɯtrafficɯtravelingɯonɯtheɯ
surfaceɯwouldɯnotɯbeɯconcentratedɯinɯtheɯvicinityɯofɯpiers.ɯ

ɯ
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Chapter 6 CONSTRUCTION IMPACTS
ConstructionɯofɯtheɯSRɯ99ɯAlaskanɯWayɯViaductɯandɯSeawallɯReplacementɯ
Projectɯwouldɯoccurɯoverɯanɯ8ɪɯtoɯ11ɪyearɯperiodɯdependingɯonɯtheɯalternative.ɯɯ
Constructionɯunderɯanyɯofɯtheɯalternativesɯwouldɯoccurɯinɯseveralɯstages,ɯeachɯ
stageɯincludingɯvariousɯconstructionɯactivitiesɯofɯdifferentɯdurationsɯatɯ
variousɯlocationsɯwithinɯtheɯstudyɯarea.ɯɯAllɯofɯtheɯBuildɯAlternativesɯassumeɯ
thatɯconstructionɯwouldɯcontinueɯ24ɯhoursɯperɯday.ɯɯɯ

Whileɯmostɯconstructionɯprojectsɯwithɯnighttimeɯworkɯactivitiesɯareɯcompletedɯ
underɯaɯtemporaryɯnoiseɯvarianceɯfromɯtheɯCityɯofɯSeattleɯDepartmentɯofɯ
PlanningɯandɯDevelopment,ɯtheɯlongɯdurationɯandɯuniqueɯnatureɯofɯthisɯ
projectɯwouldɯlikelyɯrequireɯaɯtechnicalɯvariance.ɯɯTechnicalɯvariancesɯareɯ
grantedɯwhenɯthereɯareɯnoɯpracticalɯmeansɯtoɯworkɯwithinɯtheɯCityɯnoiseɯ
ordinance.ɯɯObtainingɯaɯtechnicalɯvarianceɯincludesɯaɯpublicɯhearingɯprocessɯ
andɯrequiresɯtheɯapplicantɯtoɯabideɯbyɯnoiseɯmitigationɯmeasuresɯsetɯforthɯbyɯ
theɯCity.ɯ

Theɯconstructionɯapproachesɯevaluatedɯforɯnoiseɯandɯvibrationɯareɯdescribedɯ
inɯChaptersɯ3ɯandɯ4ɯofɯAppendixɯB,ɯAlternativesɯDescriptionɯandɯConstructionɯ
MethodsɯTechnicalɯMemorandum.ɯɯTheɯconstructionɯactivitiesɯevaluatedɯinɯ
thisɯstudyɯrepresentɯoneɯpossibleɯconstructionɯsequenceɯforɯeachɯalternative.ɯɯ
Theɯactualɯconstructionɯsequenceɯcouldɯdifferɯsubstantiallyɯfromɯthisɯ
evaluation;ɯhowever,ɯtheɯlocationsɯandɯtypesɯofɯactivitiesɯwouldɯbeɯsimilarɯ
underɯtheɯfinalɯsequence.ɯɯɯ

6.1  Noise 
Noiseɯduringɯtheɯconstructionɯperiodɯwouldɯbeɯbothersomeɯtoɯnearbyɯ
residentsɯandɯbusinesses.ɯɯConstructionɯworkersɯalsoɯwouldɯbeɯsubjectɯtoɯ
constructionɯnoiseɯwhileɯworkingɯonɯtheɯsite.ɯɯConstructionɯnoiseɯwouldɯvaryɯ
widelyɯbothɯspatiallyɯandɯtimeɪwiseɯoverɯtheɯcourseɯofɯtheɯproject.ɯɯForɯtheɯ
AlaskanɯWayɯViaductɯandɯSeawallɯReplacementɯProject,ɯtheɯconstructionɯ
periodɯisɯanticipatedɯtoɯlastɯbetweenɯ8ɯandɯ11ɯyears,ɯwithɯvariousɯperiodsɯofɯ
disturbanceɯthatɯwouldɯlastɯforɯseveralɯweeksɯinɯanyɯoneɯarea.ɯɯɯ

Theɯmostɯprevalentɯnoiseɯsourceɯatɯconstructionɯsitesɯwouldɯbeɯinternalɯ
combustionɯengines.ɯɯEarthɪmovingɯequipment,ɯmaterialɪhandlingɯequipment,ɯ
andɯstationaryɯequipmentɯareɯallɯengineɪpowered.ɯɯMobileɯequipmentɯ
operatesɯinɯaɯcyclicɯfashion,ɯbutɯstationaryɯequipmentɯ(e.g.,ɯpumps,ɯgeneratorsɯ
andɯcompressors)ɯoperatesɯatɯsoundɯlevelsɯthatɯareɯfairlyɯconstantɯoverɯtime.ɯɯ
Becauseɯtrucksɯwouldɯbeɯpresentɯduringɯmostɯphasesɯandɯwouldɯnotɯbeɯ
confinedɯtoɯtheɯprojectɯsite,ɯnoiseɯfromɯtrucksɯcouldɯaffectɯmoreɯreceptors.ɯɯ
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Otherɯnoiseɯsourcesɯwouldɯincludeɯimpactɯequipmentɯandɯtoolsɯsuchɯasɯpileɯ
drivers.ɯɯImpactɯtoolsɯcouldɯbeɯpneumaticallyɯpowered,ɯhydraulic,ɯorɯelectric.ɯɯɯ

Constructionɯnoiseɯwouldɯbeɯintermittent,ɯoccurringɯatɯdifferentɯtimesɯoverɯanɯ
approximateɯ8ɪɯtoɯ11ɪyearɯconstructionɯperiodɯatɯvariousɯlocationsɯinɯtheɯ
projectɯarea.ɯɯConstructionɯnoiseɯlevelsɯwouldɯdependɯonɯtheɯtype,ɯamount,ɯ
andɯlocationɯofɯconstructionɯactivities.ɯɯTheɯtypeɯofɯconstructionɯmethodsɯ
establishɯtheɯmaximumɯnoiseɯlevelsɯofɯconstructionɯequipmentɯused.ɯɯTheɯ
amountɯofɯconstructionɯactivityɯwouldɯquantifyɯhowɯoftenɯconstructionɯnoiseɯ
wouldɯoccurɯthroughoutɯtheɯday.ɯɯTheɯlocationɯofɯconstructionɯequipmentɯ
relativeɯtoɯadjacentɯpropertiesɯwouldɯdetermineɯanyɯeffectsɯofɯdistanceɯinɯ
reducingɯconstructionɯnoiseɯlevels.ɯɯTheɯmaximumɯnoiseɯlevelsɯofɯconstructionɯ
equipmentɯunderɯallɯBuildɯAlternativesɯwouldɯbeɯsimilarɯtoɯtheɯtypicalɯ
maximumɯconstructionɯequipmentɯnoiseɯlevelsɯpresentedɯinɯExhibitɯ6ɪ1.ɯ
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Exhibit 6-1.  Typical Construction Equipment Noise Levels 
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AsɯshownɯinɯExhibitɯ6ɪ1,ɯmaximumɯnoiseɯlevelsɯfromɯconstructionɯequipmentɯ
wouldɯrangeɯfromɯ69ɯtoɯ106ɯdBAɯLmaxɯatɯ50ɯfeet.ɯɯConstructionɯnoiseɯatɯ
locationsɯfartherɯawayɯwouldɯdecreaseɯatɯaɯrateɯofɯ6ɯtoɯ8ɯdBAɯperɯdoublingɯofɯ
distanceɯfromɯtheɯsource.ɯɯTheɯnumberɯofɯoccurrencesɯofɯtheɯLmaxɯnoiseɯpeaksɯ
wouldɯincreaseɯduringɯconstruction,ɯparticularlyɯduringɯpileɪdrivingɯ
activities.ɯɯBecauseɯvariousɯpiecesɯofɯequipmentɯwouldɯbeɯturnedɯoff,ɯidling,ɯorɯ
operatingɯatɯlessɯthanɯfullɯpowerɯatɯanyɯgivenɯtimeɯandɯbecauseɯconstructionɯ
machineryɯisɯtypicallyɯusedɯtoɯcompleteɯshortɪtermɯtasksɯatɯanyɯgivenɯ
location,ɯaverageɯLeqɯdaytimeɯnoiseɯlevelsɯwouldɯbeɯlessɯthanɯtheɯmaximumɯ
noiseɯlevelsɯpresentedɯinɯExhibitɯ6ɪ1.ɯɯConstructionɯnoiseɯlevelsɯmayɯnotɯ
exceedɯaɯmaximumɯLeq(7.5ɯminute)ɯofɯ99ɯdBAɯatɯ50ɯfeetɯorɯtheɯnearestɯpropertyɯlineɯ
(whicheverɯisɯfurther)ɯwithinɯtheɯcityɯofɯSeattleɯ(SMCɯ25.08.425).ɯ

ConstructionɯnoiseɯisɯallowedɯtoɯexceedɯCityɯofɯSeattleɯpropertyɪlineɯnoiseɯ
limitsɯbyɯ20ɯtoɯ25ɯdBAɯduringɯdaytimeɯhoursɯ(7ɯa.m.ɯtoɯ10ɯp.m.ɯonɯweekdaysɯ
andɯ9ɯa.m.ɯtoɯ10ɯp.m.ɯonɯweekends).ɯɯUnderɯallɯofɯtheɯBuildɯAlternatives,ɯnoiseɯ
fromɯcertainɯactivitiesɯisɯlikelyɯtoɯexceedɯtheɯhigherɯdaytimeɯlimitsɯduringɯ
someɯconstructionɯstages.ɯɯSubstantialɯnighttimeɯconstructionɯthatɯwouldɯ
exceedɯnighttimeɯnoiseɯlimitsɯwouldɯalsoɯbeɯrequiredɯunderɯeachɯofɯtheɯBuildɯ
Alternatives.ɯɯIfɯconcreteɯisɯcrushedɯandɯrecycledɯonɪsite,ɯaɯnoiseɯcontrolɯplanɯ
wouldɯbeɯrequiredɯtoɯaddressɯtheɯassociatedɯactivities.ɯɯToɯaccommodateɯtheseɯ
exceedancesɯofɯtheɯCityɯofɯSeattleɯnoiseɯregulations,ɯaɯnighttimeɯnoiseɯvarianceɯ
wouldɯbeɯrequiredɯfromɯtheɯCity.ɯ

Reconstructionɯofɯtheɯseawall,ɯwhetherɯstandɪaloneɯorɯasɯpartɯofɯaɯtunnelɯwall,ɯ
couldɯgenerateɯinɪwaterɯnoiseɯandɯvibrationɯlevelsɯthatɯareɯdisturbingɯtoɯfishɯ
andɯmarineɯmammals.ɯɯConstructionɯbehindɯaɯcofferɯdam,ɯorɯotherɯmethodsɯtoɯ
reduceɯinɪwaterɯpileɯdriving,ɯwouldɯreduceɯtheɯpotentialɯforɯimpact.ɯ

6.1.1 No Build Alternative 
ConstructionɯnoiseɯunderɯtheɯNoɯBuildɯAlternativeɯwouldɯbeɯlimitedɯtoɯnoiseɯ
associatedɯwithɯongoingɯmaintenanceɯactivitiesɯtoɯtheɯexistingɯviaduct.ɯɯ
Shouldɯtheɯexistingɯviaductɯbeɯdamagedɯandɯneedɯtoɯbeɯclosed,ɯthereɯwouldɯ
beɯnoiseɯcreatedɯbyɯactivitiesɯtoɯcloseɯorɯremoveɯtheɯstructure.ɯ

6.1.2 Rebuild Alternative 
TheɯRebuildɯAlternativeɯisɯanticipatedɯtoɯbeɯconstructedɯinɯfourɯgeneralɯstages:ɯ
SiteɯPreparation,ɯConstructionɯofɯSeawall,ɯRebuildɯofɯAlaskanɯWay,ɯandɯ
ProjectɯCloseout.ɯɯTheɯconstructionɯwouldɯtakeɯapproximatelyɯ7.5ɯyears.ɯ

TheɯSiteɯPreparationɯstageɯisɯanticipatedɯtoɯrequireɯapproximatelyɯ18ɯmonthsɯ
andɯwouldɯincludeɯnoiseɯfromɯvariousɯactivitiesɯthroughoutɯtheɯcorridorɯatɯ
variousɯtimes.ɯɯMostɯconstructionɯactivitiesɯduringɯtheɯfirstɯstageɯwouldɯbeɯofɯ
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limitedɯdurationɯinɯanyɯsingleɯlocation.ɯɯNoiseɯlevelsɯwouldɯbeɯtypicalɯofɯ
excavationɯandɯpavingɯactivitiesɯasɯutilitiesɯandɯrailɯlinesɯareɯrelocatedɯandɯ
accessɯroadsɯandɯstagingɯareasɯareɯconstructedɯ(seeɯExhibitɯ6ɪ1).ɯɯSomeɯ
activitiesɯduringɯtheɯfirstɯstageɯwouldɯoccurɯduringɯnighttimeɯhours,ɯ
particularlyɯactivitiesɯthatɯwouldɯrequireɯtrafficɯlaneɯclosures.ɯ

Constructionɯofɯtheɯseawallɯisɯanticipatedɯtoɯrequireɯapproximatelyɯ24ɯmonths.ɯɯ
Duringɯthatɯperiod,ɯseveralɯworkɯcrewsɯwouldɯbeɯrebuildingɯtheɯexistingɯ
seawallɯprogressivelyɯalongɯtheɯwaterfrontɯbetweenɯS.ɯWashingtonɯStreetɯandɯ
BroadɯStreet.ɯɯConstructionɯactivitiesɯwouldɯbeɯoccurringɯatɯseveralɯlocationsɯ
alongɯtheɯwaterfrontɯatɯanyɯpointɯinɯtimeɯduringɯthisɯstage.ɯɯSeawallɯ
constructionɯwouldɯrequireɯstabilizationɯofɯexistingɯsoils,ɯlikelyɯbyɯjetɯ
grouting.ɯɯDrilledɯshaftɯpilesɯwouldɯbeɯplacedɯwhereɯneeded,ɯandɯaɯnewɯfaceɯ
wouldɯbeɯattached.ɯɯCompletionɯofɯtheɯseawallɯreplacementɯonɯscheduleɯ
wouldɯrequireɯnighttimeɯworkɯduringɯmuchɯofɯthisɯstage.ɯɯRecentɯnoiseɯ
measurementsɯofɯjetɯgroutingɯoperationsɯbyɯtheɯCityɯofɯSeattleɯexhibitedɯnoiseɯ
levelsɯofɯ85ɯdBAɯatɯ50ɯfeet.ɯɯJetɯgroutingɯequipmentɯusedɯforɯcompleteɯseawallɯ
replacementɯwouldɯbeɯlargerɯthanɯtheɯmeasuredɯequipmentɯandɯcouldɯrangeɯ1ɯ
toɯ5ɯdBAɯlouder.ɯɯSubstantialɯnoiseɯcouldɯoccurɯforɯseveralɯweeksɯatɯaɯtimeɯinɯ
anyɯoneɯarea.ɯɯOtherɯactivitiesɯduringɯtheɯsecondɯstageɯwouldɯincludeɯlimitedɯ
roadwayɯreconstructionɯorɯretrofit.ɯɯ

Stageɯthreeɯwouldɯincludeɯrebuildingɯmostɯofɯtheɯexistingɯviaductɯoverɯanɯ
approximatelyɯ54ɪmonthɯperiod.ɯɯAtɯtimes,ɯtrafficɯwouldɯbeɯdetouredɯinɯ
variousɯlocationsɯalongɯtheɯprojectɯcorridor.ɯɯRebuildingɯtheɯviaductɯwouldɯ
includeɯvariousɯactivitiesɯthatɯwouldɯbeɯoccurringɯinɯlocalizedɯworkɯareasɯthatɯ
wouldɯmoveɯoverɯtheɯperiodɯofɯreconstruction.ɯɯActivitiesɯwouldɯincludeɯ
placementɯofɯnewɯpilesɯandɯfootings,ɯreplacementɯofɯstructuralɯsupports,ɯandɯ
replacementɯofɯtheɯroadwayɯdecks.ɯɯPilesɯcouldɯbeɯdriven,ɯbored,ɯorɯvibratedɯ
intoɯplace.ɯɯIfɯdrivenɯpilesɯareɯused,ɯpeakɯnoiseɯlevelsɯduringɯpileɯdrivingɯ
wouldɯlikelyɯbeɯtheɯloudestɯnoisesɯduringɯreconstructionɯofɯtheɯviaduct.ɯɯNoiseɯ
levelsɯduringɯpileɯdrivingɯtypicallyɯapproachɯ100ɯdBAɯatɯ50ɯfeetɯ(93ɯdBAɯatɯ100ɯ
feet)ɯfromɯtheɯpileɯbeingɯdrivenɯ(Exhibitɯ6ɪ2).ɯɯNoiseɯlevelsɯfromɯboredɯpilesɯ
areɯtypicallyɯ15ɯtoɯ20ɯdBAɯlessɯthanɯfromɯdrivenɯpiles.ɯɯVibratedɯpilesɯlikelyɯ
couldɯnotɯbeɯusedɯinɯmuchɯofɯtheɯprojectɯareaɯbecauseɯsoilsɯareɯnotɯsuitablyɯ
stable.ɯɯTheɯRebuildɯAlternativeɯisɯexpectedɯtoɯrequireɯmoreɯdrivenɯpilesɯthanɯ
anyɯofɯtheɯotherɯalternatives.ɯɯOtherɯactivities,ɯincludingɯexcavation,ɯpavementɯ
breaking,ɯandɯconcreteɯpumping,ɯwouldɯgenerateɯsubstantialɯnoiseɯduringɯthisɯ
phase;ɯhowever,ɯtheyɯwouldɯgenerallyɯbeɯlessɯloudɯthanɯpileɯdriving.ɯɯ
Substantialɯnoiseɯlevelsɯcouldɯoccurɯforɯseveralɯweeksɯatɯaɯtimeɯinɯanyɯoneɯ
area.ɯɯɯ
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Theɯfourthɯstageɯwouldɯrequireɯapproximatelyɯ8ɯmonthsɯandɯwouldɯincludeɯ
variousɯactivitiesɯtoɯfinalizeɯconstruction,ɯreplaceɯtheɯwaterfrontɯtrolleyɯtracks,ɯ
andɯcompleteɯstreetɯrestoration.ɯɯMostɯconstructionɯactivitiesɯduringɯtheɯfourthɯ
stageɯwouldɯbeɯofɯlimitedɯdurationɯinɯanyɯsingleɯlocation.ɯ

Exhibit 6-2.  Noise Levels Typical of Pile Placement 
Activity Noise Level (Leq) and Distance 

Drivenɯpilesaɯ 95ɪ99ɯdBAɯ(50ɯfeet)ɯ

Drivenɯsheetɯpilebɯ 115ɯdBAɯ(15ɯfeet)ɯ

Bauerɯbg22ɯpileɯboreɯrigbɯ 90ɯdBAɯ(15ɯfeet)ɯ

Impactɯpileɯdrivercɯ 98ɯdBAɯ(operatorɯlocation)ɯ

Drilledɯpilecɯ 83ɯdBAɯ(operatorɯlocation)ɯ
aɯFHWAɯ(1982).ɯ
bɯWACEPɯ(1998).ɯ
cɯWCBBCɯ(2000).ɯ
ɯ

6.1.3 Aerial Alternative 
ConstructionɯactivitiesɯforɯtheɯAerialɯAlternativeɯwouldɯbeɯsimilarɯtoɯtheɯ
RebuildɯAlternative.ɯɯItɯisɯanticipatedɯtoɯbeɯconstructedɯinɯfiveɯgeneralɯstages:ɯ
SiteɯPreparation,ɯConstructionɯofɯSeawall,ɯSouthboundɯBatteryɯStreetɯTunnelɯ
andɯBroadɯStreetɯDetour,ɯRemovalɯandɯConstructionɯofɯtheɯAerialɯViaduct,ɯ
andɯProjectɯCloseout.ɯɯTheɯconstructionɯwouldɯtakeɯapproximatelyɯ11ɯyears.ɯ

Theɯfirstɯtwoɯconstructionɯstagesɯwouldɯbeɯsimilarɯinɯactivitiesɯandɯdurationɯtoɯ
theɯRebuildɯAlternative.ɯɯTheɯseawallɯconstructionɯstageɯwouldɯtakeɯ
approximatelyɯ36ɯmonthsɯbecauseɯitɯwouldɯalsoɯincludeɯtheɯconstructionɯofɯ
temporaryɯaerialɯstructuresɯaboveɯaɯportionɯofɯtheɯseawall.ɯɯTheɯtemporaryɯ
aerialɯstructureɯwouldɯbeɯsupportedɯonɯdrilledɯshaftɯpiers.ɯɯOtherɯaspectsɯofɯ
temporaryɯviaductɯconstructionɯwouldɯgenerateɯnoiseɯlevelsɯsimilarɯtoɯtheɯ
constructionɯofɯtheɯfinalɯaerialɯstructure.ɯ

Stageɯthreeɯwouldɯtakeɯapproximatelyɯ30ɯmonthsɯandɯwouldɯincludeɯremovalɯ
andɯreplacementɯofɯtheɯviaductɯnorthɯofɯPikeɯStreet,ɯimprovementsɯtoɯtheɯ
southboundɯBatteryɯStreetɯTunnel,ɯandɯconfigurationɯofɯlocalɯstreetsɯtoɯ
accommodateɯdetourɯtraffic.ɯɯDuringɯthisɯperiod,ɯconstructionɯactivitiesɯandɯ
noiseɯlevelsɯsimilarɯtoɯthoseɯdescribedɯforɯstageɯthreeɯofɯtheɯRebuildɯ
AlternativeɯconstructionɯwouldɯoccurɯbetweenɯPikeɯStreetɯandɯtheɯBatteryɯ
StreetɯTunnel.ɯɯDemolitionɯofɯtheɯexistingɯviaductɯwouldɯincludeɯsawɯcuttingɯ
andɯremovalɯbyɯcrane,ɯpulverizing,ɯshearing,ɯjackɯhammering,ɯhoeɯramming,ɯ
andɯdrilling.ɯɯDemolitionɯactivitiesɯcouldɯincludeɯcrushingɯandɯrecyclingɯofɯ
concreteɯonɪsite.ɯɯImprovementsɯtoɯtheɯBatteryɯStreetɯTunnelɯwouldɯincludeɯ



ɯ

SRɯ99:ɯAlaskanɯWayɯViaductɯ&ɯSeawallɯReplacementɯProjectɯ Marchɯ2004ɯ
NoiseɯandɯVibrationɯDisciplineɯReportɯ 68ɯ
DraftɯEISɯ

lengtheningɯtheɯtunnelɯslightlyɯandɯinstallingɯemergencyɯventilationɯ
equipment.ɯɯConstructionɯactivitiesɯareɯexpectedɯtoɯtakeɯplaceɯduringɯbothɯ
daytimeɯandɯnighttimeɯhours.ɯ

Stageɯfourɯwouldɯincludeɯremovalɯandɯreplacementɯofɯtheɯviaductɯsouthɯofɯ
PikeɯStreetɯoverɯapproximatelyɯ48ɯmonths.ɯɯItɯwouldɯalsoɯincludeɯ
improvementsɯtoɯtheɯnorthboundɯBatteryɯStreetɯTunnelɯandɯconfigurationɯofɯ
localɯstreetsɯtoɯaccommodateɯdetourɯtraffic.ɯɯDuringɯthisɯperiod,ɯconstructionɯ
activitiesɯandɯnoiseɯlevelsɯwouldɯbeɯsimilarɯtoɯthoseɯduringɯstageɯthree,ɯbutɯ
wouldɯlargelyɯoccurɯsouthɯofɯPikeɯStreet.ɯɯImprovementsɯtoɯtheɯBatteryɯStreetɯ
Tunnelɯwouldɯincludeɯlengtheningɯtheɯtunnelɯslightlyɯandɯinstallingɯ
emergencyɯventilationɯequipment.ɯɯConstructionɯactivitiesɯareɯexpectedɯtoɯtakeɯ
placeɯduringɯbothɯdaytimeɯandɯnighttimeɯhours.ɯ

Stageɯfiveɯwouldɯrequireɯapproximatelyɯ15ɯmonths.ɯɯInɯadditionɯtoɯtheɯnoiseɯ
generatedɯbyɯactivitiesɯdescribedɯforɯstageɯfourɯofɯtheɯRebuildɯAlternative,ɯ
temporaryɯaerialɯstructuresɯalongɯtheɯwaterfrontɯwouldɯneedɯtoɯbeɯremovedɯ
underɯtheɯAerialɯAlternative.ɯ

6.1.4 Tunnel Alternative 
TheɯTunnelɯAlternativeɯisɯanticipatedɯtoɯbeɯconstructedɯinɯfiveɯgeneralɯstages:ɯɯ
SiteɯPreparation,ɯConstructionɯofɯSeawallɯandɯSouthboundɯTunnel,ɯ
SouthboundɯAerialɯandɯBatteryɯStreetɯTunnelɯConstruction,ɯRemovalɯofɯ
ViaductɯandɯNorthboundɯTunnel,ɯAerialɯandɯBatteryɯStreetɯTunnelɯ
Construction,ɯandɯProjectɯCloseout.ɯɯTheɯconstructionɯwouldɯtakeɯ
approximatelyɯ9ɯyears.ɯɯTheɯfirstɯconstructionɯstageɯwouldɯbeɯsimilarɯinɯ
activitiesɯandɯdurationɯtoɯtheɯRebuildɯandɯAerialɯAlternatives.ɯɯɯɯɯ

Theɯsecondɯstageɯwouldɯtakeɯapproximatelyɯ24ɯmonthsɯandɯwouldɯincludeɯ
constructionɯofɯaɯsecantɯpileɯwallɯtoɯreplaceɯtheɯexistingɯseawallɯbetweenɯ
approximatelyɯKingɯandɯPikeɯStreets.ɯɯInɯtheɯvicinityɯofɯtheɯColmanɯDockɯ
FerryɯTerminal,ɯtheɯpileɯwallɯwouldɯextendɯintoɯElliottɯBay.ɯɯTheɯsecantɯpileɯ
wallɯwouldɯbeɯconstructedɯofɯaɯseriesɯofɯlargeɪdiameterɯdrilledɯshaftsɯplacedɯ
adjacentɯtoɯeachɯother.ɯɯNoiseɯlevelsɯfromɯthisɯactivityɯareɯexpectedɯtoɯbeɯ5ɯtoɯ
10ɯdBAɯlessɯthanɯtheɯjetɯgroutingɯthatɯwouldɯbeɯrequiredɯduringɯseawallɯ
constructionɯunderɯtheɯRebuildɯandɯAerialɯAlternatives.ɯɯɯɯɯ

Aɯpermanentɯexcavationɯsupportɯwallɯwouldɯthenɯbeɯconstructedɯtoɯformɯtheɯ
centerɯwallɯofɯtheɯfinalɯtunnel.ɯɯTheɯwallɯconstructionɯwouldɯutilizeɯexcavationɯ
andɯconcreteɯpumpingɯequipment.ɯɯFinally,ɯtheɯareaɯbetweenɯtheɯtwoɯwallsɯ
wouldɯbeɯexcavatedɯandɯtheɯroadwayɯandɯroofɯslabɯconstructed.ɯɯNoiseɯlevelsɯ
wouldɯbeɯtypicalɯofɯearthmovingɯactivities.ɯɯAtɯanyɯoneɯtimeɯduringɯthisɯstage,ɯ
theseɯvariousɯactivitiesɯwouldɯbeɯoccurringɯinɯlimitedɯareasɯalongɯtheɯ
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waterfrontɯsouthɯofɯapproximatelyɯPikeɯStreet.ɯɯConstructionɯactivitiesɯareɯ
expectedɯtoɯtakeɯplaceɯduringɯbothɯdaytimeɯandɯnighttimeɯhours.ɯ

TheɯthirdɯstageɯwouldɯbeɯsimilarɯtoɯstageɯthreeɯunderɯtheɯAerialɯAlternativeɯ
andɯwouldɯtakeɯapproximatelyɯ36ɯmonths.ɯɯInɯadditionɯtoɯtheɯactivitiesɯnorthɯ
ofɯPikeɯStreetɯdescribedɯunderɯtheɯAerialɯAlternative,ɯfinalɯutilityɯrelocationsɯ
wouldɯbeɯoccurringɯalongɯtheɯcorridor,ɯwhichɯwouldɯbeɯofɯlimitedɯdurationɯinɯ
anyɯsingleɯlocation.ɯ

StageɯfourɯwouldɯincludeɯremovalɯofɯtheɯviaductɯsouthɯofɯPikeɯStreetɯandɯ
excavationɯandɯconstructionɯofɯtheɯnorthboundɯhalfɯofɯtheɯwaterfrontɯtunnelɯ
overɯanɯapproximatelyɯ36ɪmonthɯperiod.ɯɯDemolitionɯofɯtheɯexistingɯviaductɯ
wouldɯincludeɯsawɯcuttingɯandɯremovalɯbyɯcrane,ɯpulverizing,ɯshearing,ɯjackɯ
hammering,ɯhoeɯramming,ɯandɯdrilling.ɯɯDemolitionɯactivitiesɯcouldɯincludeɯ
crushingɯandɯrecyclingɯofɯconcreteɯonɪsite.ɯɯRemovalɯofɯtheɯexistingɯviaductɯ
wouldɯbeɯtheɯloudestɯactivityɯduringɯthisɯstageɯofɯwork.ɯɯConstructionɯofɯtheɯ
southboundɯtunnelɯwouldɯincludeɯconstructionɯofɯtheɯeasternɯtunnelɯwall,ɯ
excavationɯofɯtheɯfinalɯnorthboundɯsection,ɯandɯroadwayɯandɯroofɯslabɯ
placement.ɯɯBatteryɯStreetɯTunnelɯimprovementsɯwouldɯbeɯsimilarɯtoɯtheɯ
AerialɯAlternative.ɯɯNoiseɯfromɯtheseɯactivitiesɯwouldɯbeɯsimilarɯtoɯtheɯwallɯ
constructionɯandɯexcavationɯnoiseɯlevelsɯduringɯstageɯtwo.ɯ

Stageɯfiveɯwouldɯrequireɯapproximatelyɯ13ɯmonthsɯandɯwouldɯgenerateɯnoiseɯ
levelsɯsimilarɯtoɯstageɯfourɯofɯtheɯRebuildɯAlternative.ɯ

6.1.5 Bypass Tunnel Alternative 
TheɯBypassɯTunnelɯAlternativeɯisɯanticipatedɯtoɯbeɯconstructedɯinɯfiveɯgeneralɯ
stages:ɯɯSiteɯPreparation,ɯConstructionɯofɯSeawallɯandɯTunnel,ɯSouthboundɯ
AerialɯandɯBatteryɯStreetɯTunnelɯConstruction,ɯRemovalɯofɯViaductɯandɯ
NorthboundɯAerialɯandɯBatteryɯStreetɯTunnelɯConstruction,ɯandɯProjectɯ
Closeout.ɯɯTheɯconstructionɯwouldɯtakeɯapproximatelyɯ8.5ɯyears.ɯɯ

Theɯfirstɯtwoɯconstructionɯstagesɯwouldɯbeɯsimilarɯinɯactivitiesɯandɯdurationɯtoɯ
theɯTunnelɯAlternative.ɯɯɯ

TheɯthirdɯstageɯwouldɯbeɯsimilarɯtoɯstageɯthreeɯunderɯtheɯAerialɯAlternativeɯ
andɯwouldɯtakeɯapproximatelyɯ30ɯmonths.ɯ

StageɯfourɯwouldɯincludeɯremovalɯofɯtheɯviaductɯsouthɯofɯPikeɯStreetɯandɯ
rehabilitationɯofɯtheɯnorthboundɯBatteryɯStreetɯTunnelɯoverɯanɯapproximatelyɯ
30ɪmonthɯperiod.ɯɯUnlikeɯtheɯTunnelɯAlternative,ɯthisɯstageɯwouldɯnotɯincludeɯ
constructionɯofɯaɯsecondɯparallelɯtunnelɯsectionɯalongɯtheɯwaterfront.ɯɯ
Demolitionɯofɯtheɯexistingɯviaductɯwouldɯincludeɯsawɯcuttingɯandɯremovalɯbyɯ
crane,ɯpulverizing,ɯshearing,ɯjackɯhammering,ɯhoeɯramming,ɯandɯdrilling.ɯɯ
BatteryɯStreetɯTunnelɯimprovementsɯwouldɯbeɯsimilarɯtoɯtheɯAerialɯandɯ
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TunnelɯAlternatives.ɯɯDemolitionɯactivitiesɯcouldɯincludeɯcrushingɯandɯ
recyclingɯofɯconcreteɯonɪsite.ɯɯRemovalɯofɯtheɯexistingɯviaductɯwouldɯbeɯtheɯ
loudestɯactivityɯduringɯthisɯstageɯofɯwork.ɯɯɯ

Stageɯfiveɯwouldɯrequireɯapproximatelyɯ18ɯmonthsɯandɯwouldɯgenerateɯnoiseɯ
levelsɯsimilarɯtoɯstageɯfiveɯofɯtheɯTunnelɯAlternative.ɯ

6.1.6 Surface Alternative 
TheɯSurfaceɯAlternativeɯisɯanticipatedɯtoɯbeɯconstructedɯinɯfiveɯgeneralɯstages:ɯɯ
SiteɯPreparation,ɯConstructionɯofɯSeawall,ɯSouthboundɯAerialɯandɯBatteryɯ
StreetɯTunnelɯConstruction,ɯRemovalɯofɯViaductɯandɯNorthboundɯAerialɯandɯ
BatteryɯStreetɯTunnelɯConstruction,ɯandɯProjectɯCloseout.ɯɯTheɯconstructionɯ
wouldɯtakeɯapproximatelyɯ8ɯyears.ɯɯTheɯfirstɯconstructionɯstageɯwouldɯbeɯ
similarɯinɯactivitiesɯandɯdurationɯtoɯtheɯotherɯBuildɯAlternatives.ɯɯɯɯɯ

Stageɯtwo,ɯconstructionɯofɯtheɯseawall,ɯisɯanticipatedɯtoɯrequireɯapproximatelyɯ
30ɯmonthsɯandɯwouldɯincludeɯsimilarɯactivitiesɯandɯnoiseɯlevelsɯtoɯtheɯsecondɯ
stageɯofɯtheɯRebuildɯAlternative.ɯɯTheɯthirdɯstageɯwouldɯbeɯsimilarɯtoɯstageɯ
threeɯunderɯtheɯAerialɯandɯBypassɯTunnelɯAlternativesɯandɯwouldɯtakeɯ
approximatelyɯ30ɯmonths.ɯɯTheɯfourthɯstageɯwouldɯbeɯsimilarɯinɯactivityɯandɯ
durationɯtoɯstageɯfourɯofɯtheɯBypassɯTunnelɯAlternative.ɯɯStageɯfiveɯwouldɯ
requireɯapproximatelyɯ8ɯmonthsɯandɯwouldɯgenerateɯnoiseɯlevelsɯsimilarɯtoɯ
stageɯfourɯofɯtheɯRebuildɯAlternative.ɯ

6.2  Vibration 
Theɯconstructionɯactivitiesɯthatɯwouldɯresultɯinɯtheɯhighestɯlevelsɯofɯgroundɯ
vibrationɯareɯtheɯdemolitionɯofɯtheɯexistingɯviaductɯstructureɯandɯimpactɯpileɯ
driving.ɯɯUnderɯallɯofɯtheɯproposedɯBuildɯAlternatives,ɯtheɯviaductɯwouldɯbeɯ
removedɯandɯdemolished.ɯɯTheɯtimingɯforɯremovingɯtheɯviaductɯandɯtheɯ
amountɯofɯmaterialɯremovedɯvariesɯbetweenɯplans;ɯhowever,ɯsimilarɯremovalɯ
methodsɯareɯanticipated.ɯɯInɯgeneral,ɯtheɯviaductɯwouldɯbeɯdemolishedɯusingɯ
variousɯmethodsɯofɯconcreteɯremovalɯ(includingɯsawɯcuttingɯandɯliftingɯ
segmentsɯoutɯofɯplace),ɯusingɯconcreteɯpulverizersɯandɯshearsɯmountedɯonɯ
excavators,ɯand/orɯusingɯconcreteɯsplitters,ɯjackhammers,ɯhoeɯrams,ɯorɯcoreɯ
drillingɯtoɯbreakɯupɯconcrete.ɯɯTheɯuseɯofɯjackhammersɯandɯhoeɯramsɯwouldɯ
resultɯinɯtheɯhighestɯlevelsɯofɯvibrationɯduringɯtheɯdemolitionɯactivities.ɯɯTheɯ
expectedɯPPVɯofɯgroundɯvibrationɯlevelsɯatɯ25ɯfeetɯfromɯtheɯdemolitionɯ
activitiesɯisɯinɯtheɯrangeɯofɯ0.24ɯtoɯ0.42ɯinches/secondɯ(Exhibitɯ6ɪ3).ɯɯThisɯwouldɯ
exceedɯtheɯdamageɯriskɯcriteriaɯofɯ0.12ɯinches/secondɯforɯolderɯextremelyɯ
fragileɯbuildingsɯbutɯwouldɯnotɯexceedɯtheɯproject’sɯdamageɯriskɯcriteriaɯforɯ
newerɯbuildingsɯofɯ0.50ɯinches/second.ɯɯDemolitionɯactivitiesɯconductedɯ100ɯ
feetɯorɯmoreɯfromɯexistingɯstructuresɯwouldɯnotɯexceedɯtheɯdamageɯriskɯ
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criteriaɯforɯolderɯextremelyɯfragileɯbuildings.ɯɯStructuresɯinɯtheɯprojectɯareaɯ
thatɯmayɯbeɯextremelyɯfragileɯincludeɯunrestoredɯareaways,ɯtheɯspacesɯ
beneathɯtheɯsidewalksɯofɯolderɯbuildings,ɯandɯhistoricɯbuildingsɯthatɯhaveɯnotɯ
beenɯstructurallyɯretrofitted.ɯɯ

Duringɯimpactɯpileɯdriving,ɯtheɯPPVɯofɯgroundɯvibrationɯlevelsɯatɯ25ɯfeetɯisɯ
expectedɯtoɯbeɯinɯtheɯrangeɯofɯ0.60ɯtoɯ1.9ɯinches/secondɯdependingɯonɯtheɯsizeɯ
andɯforceɯexertedɯbyɯtheɯpileɯdriverɯ(Exhibitɯ6ɪ4).ɯɯTheseɯlevelsɯwouldɯ
substantiallyɯexceedɯtheɯdamageɯriskɯcriteriaɯofɯ0.12ɯinches/secondɯforɯolderɯ
extremelyɯfragileɯbuildingsɯandɯ0.50ɯinches/secondɯforɯnewerɯbuildings.ɯɯAtɯ
distancesɯofɯ400ɯfeetɯorɯgreater,ɯtheɯdamageɯriskɯisɯsignificantlyɯlowerɯandɯisɯ
expectedɯnotɯtoɯexceedɯ0.10ɯinches/second.ɯ

Inɯgeneral,ɯtheɯpotentialɯimpactɯtoɯundergroundɯandɯburiedɯutilitiesɯfromɯ
constructionɯvibrationɯwouldɯbeɯlessɯthanɯtheɯdamageɯriskɯtoɯbuildings.ɯɯTheɯ
onlyɯconstructionɯactivityɯproposedɯforɯthisɯprojectɯthatɯwouldɯgenerateɯ
vibrationɯlevelsɯthatɯcouldɯdamageɯutilitiesɯwouldɯbeɯimpactɯpileɯdriving.ɯɯ
Vibrationɯfromɯpileɯdrivingɯwouldɯnotɯexceedɯtheɯdamageɯriskɯcriteriaɯforɯ
mostɯburiedɯutilitiesɯofɯ4.0ɯinches/secondɯPPVɯatɯdistancesɯgreaterɯthanɯ25ɯfeetɯ
orɯ0.5ɯinches/secondɯPPVɯdamageɯriskɯcriteriaɯforɯolderɯcastɪironɯwaterɯmainsɯ
atɯdistancesɯgreaterɯthanɯ100ɯfeet.ɯɯTheɯdamageɯriskɯtoɯutilitiesɯlessɯthanɯ25ɯfeetɯ
andɯolderɯcastɪironɯwaterɯmainsɯlessɯthanɯ100ɯfeetɯfromɯimpactɯpileɯdrivingɯ
locationsɯshouldɯbeɯfurtherɯevaluatedɯduringɯfinalɯdesign.ɯ
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Chapter 7 SECONDARY AND CUMULATIVE IMPACTS
Secondaryɯimpactsɯareɯreasonablyɯforeseeableɯeffectsɯofɯanɯactionɯthatɯoccurɯ
laterɯinɯtimeɯorɯareɯfurtherɯremovedɯinɯdistanceɯfromɯtheɯdirectɯeffectsɯofɯtheɯ
project.ɯɯGenerally,ɯtheseɯeffectsɯareɯinducedɯbyɯtheɯinitialɯaction.ɯɯSecondaryɯ
impactsɯtoɯtheɯaudibleɯenvironmentɯareɯexpectedɯtoɯbeɯlimitedɯandɯunlikelyɯ
becauseɯnoneɯofɯtheɯalternativesɯwouldɯincreaseɯexistingɯcapacityɯandɯ
connections.ɯɯɯ

Cumulativeɯimpactsɯareɯadditiveɯeffectsɯofɯtheɯprojectɯwithɯotherɯreasonablyɯ
foreseeableɯdevelopmentsɯorɯactionsɯinɯtheɯfuture.ɯɯTheɯtrafficɯnoiseɯanalysisɯ
forɯtheɯAlaskanɯWayɯViaductɯandɯSeawallɯReplacementɯProjectɯconsidersɯtheɯ
longɪtermɯcumulativeɯtrafficɯnoiseɯfromɯAlaskanɯWayɯandɯfutureɯtrafficɯonɯtheɯ
Seattleɯstreetɯgrid.ɯɯBecauseɯtrafficɯnoiseɯisɯtheɯdominantɯnoiseɯsourceɯinɯtheɯ
projectɯarea,ɯconsideringɯtheɯcumulativeɯnoiseɯeffectɯofɯallɯtrafficɯnoiseɯinɯtheɯ
studyɯareaɯreasonablyɯevaluatesɯtheɯcumulativeɯfutureɯnoiseɯenvironment,ɯ
includingɯtheɯvariousɯAlaskanɯWayɯViaductɯandɯSeawallɯReplacementɯ
alternatives.ɯ

Duringɯtheɯconstructionɯphase,ɯseveralɯotherɯprojectsɯareɯexpectedɯtoɯbeɯunderɯ
constructionɯinɯtheɯdowntownɯSeattleɯarea,ɯincludingɯCentralɯLinkɯLightɯRail,ɯ
MercerɯStreetɯCorridor,ɯSeattleɯMonorailɯProject,ɯandɯseveralɯotherɯsmallerɯorɯ
lessɯwellɯdefinedɯprojects.ɯɯIfɯconstructionɯofɯotherɯprojectsɯisɯwithinɯtheɯ
immediateɯvicinityɯ(lessɯthanɯapproximatelyɯ1,000ɯfeet)ɯofɯtheɯAlaskanɯWayɯ
ViaductɯandɯSeawallɯReplacementɯProjectɯconstructionɯareasɯandɯoccurringɯatɯ
theɯsameɯtime,ɯtheɯcumulativeɯnoiseɯimpactsɯonɯnearbyɯresidentsɯcouldɯ
increaseɯinɯtheɯvicinityɯofɯthoseɯactivities.ɯɯ

ɯ
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Chapter 8 MITIGATION
Noiseɯcanɯbeɯcontrolledɯatɯthreeɯlocations:ɯɯ(1)ɯatɯtheɯsourceɯ(e.g.,ɯwithɯmufflersɯ
andɯquieterɯengines),ɯ(2)ɯalongɯtheɯnoiseɯpathɯ(e.g.,ɯwithɯbarriers,ɯshielding,ɯorɯ
increasedɯdistance),ɯandɯ(3)ɯatɯtheɯreceptor,ɯwithɯinsulation.ɯɯNoiseɯabatementɯ
isɯnecessaryɯonlyɯwhereɯfrequentɯhumanɯuseɯoccursɯandɯwhereɯaɯlowerɯnoiseɯ
levelɯwouldɯhaveɯbenefitsɯ(USDOTɯ1982).ɯ

8.1  Operational Noise 
Aɯvarietyɯofɯmitigationɯmethodsɯcanɯbeɯeffectiveɯatɯreducingɯtrafficɯnoiseɯ
impacts.ɯɯForɯexample,ɯnoiseɯimpactsɯfromɯtheɯlongɪtermɯoperationɯofɯtheɯ
projectɯcouldɯbeɯreducedɯbyɯimplementingɯtrafficɯmanagementɯmeasures,ɯ
acquiringɯlandɯasɯbufferɯzonesɯorɯforɯconstructionɯofɯnoiseɯbarriersɯorɯberms,ɯ
realigningɯtheɯroadway,ɯandɯinstallingɯnoiseɯinsulationɯforɯpublicɯuseɯorɯ
nonprofitɯinstitutionalɯstructures.ɯɯTheseɯmitigationɯmeasuresɯwereɯevaluatedɯ
forɯtheirɯpotentialɯtoɯreduceɯnoiseɯimpactsɯfromɯtheɯproposedɯaction.ɯɯɯ

WSDOTɯevaluatesɯmanyɯfactorsɯtoɯdetermineɯwhetherɯmitigationɯwouldɯbeɯ
feasibleɯandɯreasonable.ɯɯDeterminationɯofɯengineeringɯfeasibilityɯincludesɯ
evaluatingɯwhetherɯmitigationɯcouldɯbeɯconstructedɯinɯaɯlocationɯtoɯachieveɯaɯ
noiseɯreductionɯofɯatɯleastɯ7ɯdBAɯatɯtheɯclosestɯreceptorsɯandɯaɯreductionɯofɯ5ɯ
dBAɯorɯmoreɯatɯmostɯofɯtheɯfirstɯrowɯofɯreceptors.ɯɯDeterminationɯofɯ
reasonabilityɯincludesɯdeterminingɯtheɯnumberɯofɯsensitiveɯreceptorsɯ
benefitedɯbyɯatɯleastɯ3ɯdBA,ɯtheɯcostɪeffectivenessɯofɯtheɯmitigation,ɯandɯ
concernsɯsuchɯasɯaesthetics,ɯsafety,ɯandɯtheɯdesiresɯofɯnearbyɯresidents.ɯɯTheɯ
reasonablenessɯcriteriaɯforɯcostɯofɯnoiseɯmitigationɯprovidedɯperɯbenefitedɯ
receptorɯareɯsummarizedɯinɯExhibitɯ8ɪ1ɯ(WSDOTɯ1999).ɯɯForɯnoiseɯlevelsɯaboveɯ
74ɯdBA,ɯtheɯallowedɯcostɯincreasesɯbyɯ$1,500ɯperɯdBAɯincrease.ɯ

Exhibit 8-1.  Mitigation Allowance for Noise Impacts 
Design Year Traffic Noise 

Decibel Level 
Allowed Mitigation Cost Per 

Household 
Allowed Wall Surface Area Per 

Household (at $22.10 / ft2)
66ɯdBAɯ $15,500ɯ 700ɯsq.ɯft.ɯ
67ɯdBAɯ $17,000ɯ 770ɯsq.ɯft.ɯ
68ɯdBAɯ $18,500ɯ 837ɯsq.ɯft.ɯ
69ɯdBAɯ $20,000ɯ 905ɯsq.ɯft.ɯ
70ɯdBAɯ $21,500ɯ 973ɯsq.ɯftɯ
71ɯdBAɯ $23,000ɯ 1,041ɯsq.ɯft.ɯ
72ɯdBAɯ $24,500ɯ 1,109ɯsq.ɯft.ɯ
73ɯdBAɯ $26,000ɯ 1,176ɯsq.ɯft.ɯ
74ɯdBAɯ $27,500ɯ 1,244ɯsq.ɯftɯ
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Aɯfinalɯdeterminationɯofɯtheɯsizeɯandɯplacementɯofɯnoiseɯbarriersɯorɯbermsɯandɯ
theɯimplementationɯofɯotherɯmitigationɯmethodsɯwouldɯtakeɯplaceɯduringɯ
detailedɯprojectɯdesign,ɯafterɯanɯopportunityɯforɯpublicɯinvolvementɯandɯafterɯ
approvalɯatɯtheɯlocal,ɯstate,ɯandɯfederalɯlevels.ɯ

8.1.2 Mitigation Options 

Traffic Management Measures 
Trafficɯmanagementɯmeasuresɯincludeɯtimeɯrestrictions,ɯtrafficɯcontrolɯdevices,ɯ
signingɯforɯprohibitionɯofɯcertainɯvehicleɯtypesɯ(e.g.,ɯmotorcyclesɯandɯheavyɯ
trucks),ɯmodifiedɯspeedɯlimits,ɯandɯexclusiveɯlaneɯdesignations.ɯɯNoiseɯ
impactsɯcouldɯbeɯreducedɯbyɯlandɯuseɯcontrolsɯthroughoutɯtheɯPugetɯSoundɯ
region;ɯhowever,ɯtheɯareaɯisɯlargelyɯbuiltɯout.ɯɯAɯtransportationɯsystemɯ
managementɯplanɯcombinedɯwithɯincreasedɯtransitɯfacilitiesɯtoɯencourageɯtheɯ
continuedɯuseɯofɯcarpoolsɯandɯpublicɯtransitɯwouldɯreduceɯvehicleɯtripsɯand,ɯ
subsequently,ɯtrafficɯnoise;ɯhowever,ɯaɯ3ɪdBAɯdecreaseɯinɯtrafficɯnoiseɯwouldɯ
requireɯaɯreductionɯinɯtrafficɯvolumeɯofɯapproximatelyɯ50ɯpercent.ɯɯSpeedɯ
limitsɯcouldɯbeɯreduced;ɯhowever,ɯaɯreductionɯofɯbetweenɯ10ɯandɯ15ɯmilesɯperɯ
hourɯwouldɯbeɯrequiredɯtoɯdecreaseɯtrafficɯnoiseɯbyɯ5ɯdBA.ɯ

Land Acquisition for Noise Buffers or Barriers 
Theɯstudyɯareaɯisɯdenselyɯdeveloped.ɯɯLandɯacquisitionɯforɯnoiseɯbuffersɯorɯ
barriersɯinɯanɯurbanɯareaɯsuchɯasɯtheɯprojectɯstudyɯareaɯwouldɯrequireɯ
relocatingɯnumerousɯresidentsɯandɯbusinessesɯandɯwouldɯbeɯirrationalɯforɯ
noiseɯmitigationɯpurposes.ɯ

Realigning the Roadway 
Theɯhorizontalɯalignmentɯisɯdefinedɯbyɯavailableɯrightɪofɪwayɯandɯtheɯexistingɯ
AlaskanɯWayɯViaductɯCorridor.ɯɯTheɯvariousɯalternativesɯevaluateɯseveralɯ
verticalɯalignments,ɯincludingɯelevated,ɯatɪgrade,ɯandɯbelowground.ɯɯTheɯ
effectsɯofɯchangingɯtheɯverticalɯalignmentɯofɯAlaskanɯWayɯcanɯbeɯseenɯbyɯ
comparingɯtheɯpeakɯhourɯnoiseɯlevelsɯofɯtheɯvariousɯalternativesɯinɯExhibitsɯ5ɪ
1ɯandɯ5ɪ2.ɯɯTrafficɯnoiseɯlevelsɯunderɯtheɯTunnelɯAlternativeɯwouldɯdecreaseɯ
byɯupɯtoɯ10ɯdBAɯcomparedɯtoɯexistingɯnoiseɯlevelsɯalongɯtheɯcentralɯ
waterfront.ɯɯTrafficɯnoiseɯimpactsɯwouldɯbeɯeliminatedɯatɯ210ɯresidentialɯunitsɯ
asɯaɯresultɯofɯdepressingɯandɯcoveringɯSRɯ99ɯ(Exhibitɯ5ɪ3).ɯɯTheɯincrementalɯ
costɯofɯtunnelɯconstructionɯwouldɯnotɯbeɯreasonableɯexclusivelyɯasɯaɯnoiseɯ
mitigationɯconsideration.ɯɯɯɯ
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Noise Insulation of Buildings 
Insulationɯofɯbuildingsɯcouldɯbeɯfeasible,ɯbutɯthisɯremedyɯonlyɯappliesɯtoɯ
structuresɯwithɯpublicɯorɯnonɪprofitɯusesɯ(23ɯCFRɯ772ɯandɯv67ɯn58ɯFRɯp13731,ɯ
Marchɯ26,ɯ2002.).ɯɯɯɯThisɯoptionɯalsoɯwouldɯnotɯreduceɯexteriorɯnoiseɯimpacts.ɯɯɯ

Noise Barriers 
Noiseɯbarriersɯincludeɯnoiseɯwalls,ɯberms,ɯandɯbuildingsɯthatɯareɯnotɯnoiseɪ
sensitive.ɯɯTheɯeffectivenessɯofɯaɯnoiseɯbarrierɯisɯdeterminedɯbyɯitsɯheightɯandɯ
lengthɯandɯtheɯprojectɯsite’sɯtopography.ɯɯToɯbeɯeffective,ɯtheɯbarrierɯmustɯ
blockɯtheɯlineɯofɯsightɯbetweenɯtheɯhighestɯpointɯofɯaɯnoiseɯsourceɯ(e.g.,ɯaɯ
truckɅsɯexhaustɯstack)ɯandɯtheɯhighestɯpartɯofɯaɯreceiver.ɯɯItɯmustɯbeɯlongɯ
enoughɯtoɯpreventɯsoundsɯfromɯpassingɯaroundɯtheɯends,ɯhaveɯnoɯopeningsɯ
suchɯasɯdrivewayɯconnections,ɯandɯbeɯdenseɯenoughɯsoɯthatɯnoiseɯwouldɯnotɯ
beɯtransmittedɯthroughɯit.ɯɯInterveningɯrowsɯofɯbuildingsɯthatɯareɯnotɯnoiseɪ
sensitiveɯcouldɯalsoɯbeɯusedɯasɯbarriersɯ(USDOTɯ1973).ɯɯClearɯbarrierɯmaterialsɯ
ofɯeitherɯglassɯorɯplasticɯhaveɯbeenɯusedɯonɯsomeɯprojects.ɯɯTheyɯhaveɯbeenɯ
successfullyɯusedɯalongɯfreewaysɯinɯtheɯSanɯDiego,ɯCaliforniaɯarea,ɯwhereɯ
theyɯcouldɯbeɯplacedɯnearɯtheɯaffectedɯresidencesɯandɯawayɯfromɯtraffic.ɯɯTheirɯ
useɯimmediatelyɯadjacentɯtoɯroadwaysɯhasɯbeenɯlessɯsuccessfulɯbecauseɯtheyɯ
requireɯfrequentɯcleaningɯandɯperiodicɯreplacementɯofɯetched,ɯcracked,ɯ
graffitied,ɯorɯyellowedɯpanels.ɯ

Forɯaɯnoiseɯbarrierɯtoɯbeɯconstructed,ɯitɯmustɯbeɯdeterminedɯtoɯbeɯbothɯfeasibleɯ
andɯreasonable.ɯɯExhibitɯ8ɪ1ɯsummarizesɯtheɯmitigationɯallowanceɯforɯbarrierɯ
areaɯprovidedɯperɯbenefitedɯreceptorɯthatɯisɯconsideredɯreasonable.ɯɯ

Sound-Absorptive Materials 
Theɯuseɯofɯsoundɪabsorptiveɯmaterialsɯcanɯreduceɯorɯeliminateɯreflectedɯnoise.ɯɯ
Incorporationɯorɯretrofitɯofɯsoundɪabsorptiveɯmaterialsɯontoɯtheɯbottomɯofɯ
elevatedɯstructuresɯcanɯreduceɯnoiseɯreflectedɯoffɯofɯtheɯstructure.ɯɯSimilarly,ɯ
theɯuseɯofɯabsorptiveɯmaterialsɯnearɯtheɯmouthɯofɯroadwayɯtunnelsɯcanɯreduceɯ
theɯtrafficɯandɯventilationɯsystemɯnoiseɯemanatingɯfromɯtheɯtunnel.ɯ

8.1.3 Mitigation of Traffic Noise Impacted Receivers 
Becauseɯtheɯprojectɯcorridorɯliesɯwithinɯaɯhighlyɯdenseɯurbanɯcore,ɯtrafficɯnoiseɯ
levelsɯalreadyɯapproachɯorɯexceedɯnoiseɯabatementɯcriteriaɯinɯmuchɯofɯtheɯ
studyɯarea.ɯɯInɯmanyɯlocations,ɯtheɯlevelsɯapproachɯorɯexceedɯtheɯcriteriaɯasɯaɯ
resultɯofɯgeneralɯtrafficɯonɯtheɯurbanɯarterialɯgridɯindependentɯofɯtrafficɯnoiseɯ
generatedɯbyɯAlaskanɯWay.ɯɯɯ
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Mitigation of Traffic Noise South of the Battery Street Tunnel 
TrafficɯnoiseɯlevelsɯnearɯtheɯelevatedɯAlaskanɯWayɯstructureɯunderɯtheɯ
RebuildɯandɯAerialɯAlternativesɯwouldɯbeɯsubstantiallyɯhigherɯasɯaɯresultɯofɯ
theɯfacilities.ɯɯComparingɯtheseɯalternativesɯtoɯtheɯTunnelɯAlternativeɯinɯ
Exhibitsɯ5ɪ1ɯandɯ5ɪ2ɯdemonstratesɯthatɯtheɯelevatedɯstructureɯcanɯaccountɯforɯ
anɯincreaseɯinɯtrafficɯnoiseɯlevelsɯofɯupɯtoɯ10ɯdBAɯinɯthisɯarea.ɯɯTwoɯmitigationɯ
measuresɯcouldɯbeɯfeasibleɯforɯtheɯRebuildɯandɯAerialɯAlternatives:ɯɯsoundɪ
absorptiveɯmaterialsɯandɯbarriers.ɯɯɯ

Theɯuseɯofɯsoundɪabsorptiveɯmaterialsɯonɯtheɯbottomɯofɯtheɯupperɯdeckɯofɯtheɯ
AlaskanɯWayɯViaductɯwasɯevaluatedɯbyɯeliminatingɯtheɯvirtualɯroadwayɯthatɯ
representsɯtheɯreflectedɯsoundɯfromɯtheɯtrafficɯnoiseɯmodelɯforɯexistingɯ
conditions.ɯɯEliminatingɯtheɯnoiseɯreflectionɯsourceɯinɯtheɯnoiseɯmodelɯreducedɯ
trafficɯnoiseɯlevelsɯbetweenɯ1ɯandɯ10ɯdBAɯatɯseveralɯlocationsɯinɯtheɯcentralɯ
waterfront.ɯɯExhibitɯ8ɪ2ɯsummarizesɯtheɯresultsɯforɯallɯreceptorsɯthatɯwouldɯ
experienceɯaɯ3ɪdBAɯorɯgreaterɯreductionɯasɯaɯresultɯofɯeliminatingɯtheɯ
reflectionɯusingɯsoundɪabsorptiveɯmaterials.ɯɯTheɯ3ɪdBAɯorɯgreaterɯbenefitsɯ
wereɯonlyɯexperiencedɯatɯareasɯofɯpublicɯopenɯspaceɯalongɯtheɯcentralɯ
waterfrontɯandɯareasɯwithɯcommercialɯuse.ɯɯThisɯmitigationɯmeasureɯwouldɯ
notɯreduceɯanyɯofɯtheɯsevereɯimpactsɯbecauseɯtheyɯallɯoccurɯnorthɯofɯtheɯ
centralɯwaterfront.ɯɯTheɯinstalledɯcostɯofɯsoundɪabsorptiveɯmaterialsɯisɯ
approximatelyɯ$10ɯperɯsquareɯfoot.ɯɯSoundɪabsorptiveɯmaterialsɯcanɯincreaseɯ
maintenanceɯrequirements.ɯ

Exhibit 8-2.  Effectiveness of Eliminating Noise Reflections 
Receptor Represented Receptors Traffic Noise Reduction (dBA) 

S10ɯ Pedestrianɯaccessɯ 6ɯ

S14ɯ Commercialɯuseɯ 6ɯ

S15ɯ Commercialɯuseɯ 3ɯ

C1ɯ Pedestrianɯandɯbicycleɯuseɯ 10ɯ

C3ɯ Commercialɯuseɯ 9ɯ

C4ɯ Commercialɯuseɯ 9ɯ

C5ɯ Commercialɯuseɯ 4ɯ

C6ɯ Parkɯ 3ɯ

C7ɯ Parkɯ 3ɯ

ɯ

ItɯcouldɯalsoɯbeɯpossibleɯtoɯencloseɯtheɯlowerɯdeckɯofɯtheɯAlaskanɯWayɯViaductɯ
underɯtheɯRebuildɯandɯAerialɯAlternativesɯbyɯconstructingɯaɯnoiseɯbarrierɯ
betweenɯtheɯlowerɯandɯupperɯdecks.ɯɯAɯshorterɯbarrierɯwouldɯnotɯbeɯeffectiveɯ
unlessɯupperɯdeckɯreflectionsɯwereɯalsoɯeliminatedɯusingɯsoundɪabsorptiveɯ
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materials.ɯɯThisɯmitigationɯoptionɯwouldɯrequireɯmechanicalɯventilationɯofɯtheɯ
enclosedɯvehicularɯspace.ɯɯFireɯsuppressionɯandɯemergencyɯegressɯsystemsɯ
wouldɯalsoɯhaveɯtoɯbeɯprovided.ɯɯUnlessɯclearɯmaterialsɯwereɯused,ɯtheɯsoundɯ
barrierɯwallsɯwouldɯblockɯviewsɯbothɯfromɯtheɯviaductɯandɯthroughɯtheɯ
viaductɯstructure.ɯɯTheɯuseɯofɯclearɯmaterialsɯwouldɯsubstantiallyɯincreaseɯ
maintenanceɯbyɯrequiringɯfrequentɯcleaningɯofɯtheɯwallsɯandɯalsoɯperiodicɯ
replacementɯofɯetched,ɯcracked,ɯorɯyellowedɯpanels.ɯɯThisɯoptionɯmayɯnotɯbeɯ
feasibleɯbecauseɯofɯtheɯsafetyɯandɯengineeringɯrequirementsɯassociatedɯwithɯ
enclosureɯofɯtheɯlowerɯdeck.ɯ

Theɯeffectɯofɯenclosingɯtheɯlowerɯdeckɯwasɯanalyzedɯbyɯremovingɯfromɯtheɯ
noiseɯmodelɯtheɯtrafficɯonɯtheɯlowerɯdeckɯasɯaɯnoiseɯsource.ɯɯTheɯsoundɪlevelɯ
benefitsɯofɯenclosingɯtheɯlowerɯdeckɯareɯsummarizedɯinɯExhibitɯ8ɪ3ɯforɯallɯ
receptorsɯthatɯwouldɯexperienceɯaɯ3ɪdBAɯorɯgreaterɯreduction.ɯɯComparingɯtheɯ
resultsɯofɯExhibitɯ8ɪ3ɯtoɯthoseɯofɯExhibitɯ8ɪ2ɯshowsɯthatɯcompletelyɯenclosingɯ
theɯlowerɯdeckɯofɯtheɯviaductɯstructureɯwouldɯprovideɯonlyɯmoderateɯ
additionalɯtrafficɯnoiseɯreductionsɯcomparedɯtoɯtreatingɯtheɯlowerɯsideɯofɯtheɯ
topɯdeckɯwithɯsoundɪabsorptiveɯmaterials.ɯ

Exhibit 8-3.  Effectiveness of Enclosing the Lower Deck of the Viaduct 
Receptor Represented Receptors Traffic Noise Reduction (dBA) 

S8ɯ 25ɯResidentialɯunitsɯandɯ75ɯhotelɯroomsɯ 3ɯ

S9ɯ Commercialɯuseɯ 3ɯ

S10ɯ Pedestrianɯaccessɯ 11ɯ

S14ɯ Commercialɯuseɯ 6ɯ

S15ɯ Commercialɯuseɯ 3ɯ

C1ɯ Pedestrianɯandɯbicycleɯuseɯ 11ɯ

C2ɯ Commercialɯuseɯ 3ɯ

C3ɯ Commercialɯuseɯ 9ɯ

C4ɯ Commercialɯuseɯ 10ɯ

C5ɯ Commercialɯuseɯ 5ɯ

C6ɯ Parkɯ 3ɯ

C7ɯ Parkɯ 3ɯ

ɯ

UnderɯtheɯTunnelɯandɯTunnelɯBypassɯAlternatives,ɯthereɯareɯnoɯfeasibleɯ
mitigationɯmeasuresɯtoɯfurtherɯreduceɯtrafficɯnoiseɯlevelsɯfromɯAlaskanɯWayɯ
becauseɯtheɯAlaskanɯWayɯsurfaceɯstreetɯprovidesɯlocalɯaccessɯtoɯdowntownɯ
andɯtheɯwaterfrontɯthroughoutɯtheɯcentralɯwaterfront.ɯɯTrafficɯnoiseɯlevelsɯ
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alongɯtheɯcentralɯwaterfrontɯwouldɯalreadyɯbeɯgreatlyɯreducedɯunderɯthoseɯ
alternativesɯcomparedɯtoɯexistingɯlevels.ɯɯɯ

ItɯmayɯbeɯpossibleɯtoɯreduceɯtrafficɯnoiseɯlevelsɯunderɯtheɯTunnelɯandɯBypassɯ
TunnelɯAlternativesɯatɯReceptorɯC9ɯ(theɯsouthɯendɯofɯtheɯWaterfrontɯLandingɯ
Condominiums)ɯbyɯconstructingɯaɯnoiseɯwallɯinɯtheɯvicinityɯofɯtheɯnorthɯportalɯ
ofɯtheɯWaterfrontɯtunnelɯasɯSRɯ99ɯtransitionsɯontoɯanɯaerialɯstructure.ɯɯ
Extendingɯaɯnoiseɯwallɯonɯtheɯwesternɯroadwayɯshoulderɯfromɯtheɯnorthɯ
tunnelɯportalɯforɯ200ɯfeetɯwouldɯreduceɯgroundɪlevelɯnoiseɯatɯtheɯsoutheastɯ
cornerɯofɯtheɯcondominiumsɯbyɯ8ɯdBAɯwithɯanɯ8ɯfootɯwallɯorɯ11ɯdBAɯwithɯaɯ16ɯ
footɯwallɯ(Exhibitɯ8ɪ4).ɯɯAtɯtheɯsouthwestɯcornerɯofɯtheɯbuilding,ɯtrafficɯnoiseɯ
levelsɯwouldɯbeɯmuchɯlower,ɯatɯ61ɯdBAɯwithoutɯaɯwall.ɯɯAtɯthisɯlocationɯtheɯ
evaluatedɯwallsɯwouldɯonlyɯfurtherɯreduceɯtheɯnoiseɯlevelɯbyɯ2ɯdBA.ɯɯWhileɯ
thereɯareɯwindowsɯalongɯtheɯsouthɯwallɯofɯtheɯcondominiumɯbuilding,ɯ
outdoorɯuseɯareasɯareɯonɯtheɯwestɯsideɯofɯtheɯbuildingɯandɯshieldedɯfromɯSRɯ
99;ɯtherefore,ɯtheyɯwouldɯexperienceɯnoiseɯlevelsɯmoreɯsimilarɯtoɯtheɯ
southwestɯcornerɯofɯtheɯbuilding.ɯ

Exhibit 8-4.  Evaluation of Noise Wall at Tunnel Transition for the Tunnel 
Alternative

Modeled Receptor Location 
Wall Height Traffic Noise 

Leq (h) (dBA) 
Traffic Noise 

Reduction (dBA) 
C9ɯSoutheastɯcornerɯofɯWaterfrontɯɯ Noɯwallɯ 74ɯ 0ɯ

LandingɯCondominiumɯComplexɯ 8ɯfeetɯ 66ɯ 8ɯ

ɯ 16ɯfeetɯ 63ɯ 11ɯ

SouthwestɯcornerɯofɯWaterfrontɯɯ Noɯwallɯ 61ɯ 0ɯ

LandingɯCondominiumɯComplexɯ 8ɯfeetɯ 59ɯ 2ɯ

ɯ 16ɯfeetɯ 59ɯ 2ɯ

ɯ

UnderɯtheɯSurfaceɯAlternative,ɯallɯtrafficɯnoiseɯoriginatesɯfromɯlocalɯsurfaceɯ
arterialsɯwithɯcloselyɯspacedɯatɪgradeɯconnections.ɯɯItɯisɯnotɯfeasibleɯtoɯmitigateɯ
trafficɯnoiseɯimpactsɯunderɯthisɯalternative.ɯ

Mitigation of Traffic Noise in Belltown and the North Waterfront 
TrafficɯnoiseɯimpactsɯinɯBelltownɯandɯtheɯNorthɯWaterfrontɯoccurɯasɯaɯresultɯofɯ
highɯtrafficɯvolumesɯonɯtheɯurbanɯarterialɯgrid.ɯɯTrafficɯspeedsɯareɯalreadyɯlow,ɯ
andɯtransitɯridershipɯisɯhigh.ɯɯFutureɯtrafficɯlevelsɯareɯnotɯpredictedɯtoɯchangeɯ
substantiallyɯinɯthisɯareaɯasɯaɯresultɯofɯanyɯofɯtheɯproposedɯalternatives.ɯɯ
Mitigationɯofɯtrafficɯnoiseɯlevelsɯisɯnotɯfeasibleɯinɯthisɯareaɯbecauseɯtheɯ
majorityɯofɯtheɯtrafficɯnoiseɯisɯgeneratedɯbyɯarterialɯtrafficɯonɯtheɯcityɯstreetɯ
grid.ɯ
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Mitigation of Traffic Noise North of the Battery Street Tunnel 
NorthɯofɯtheɯBatteryɯStreetɯTunnel,ɯseveralɯarterialsɯintersectɯAuroraɯAvenueɯ
(SRɯ99)ɯatɪgradeɯinɯrightɪturnɪonlyɯintersections.ɯɯSeveralɯbuildingsɯwithɯbothɯ
noiseɪsensitiveɯandɯcommercialɯusesɯalsoɯdirectlyɯfaceɯontoɯAuroraɯAvenue.ɯ

8.1.4 Mitigation of Ventilation Noise 
Severalɯmethodsɯmayɯbeɯusedɯtoɯcontrolɯventilationɯfanɯnoiseɯandɯmeetɯdesignɯ
goals.ɯɯTheseɯmethodsɯmayɯinclude:ɯ

¶ Soundɯattenuatorsɯatɯtheɯfanɯoutlets,ɯ

¶ Soundɯattenuatorsɯatɯtheɯfanɯinlets,ɯ

¶ Plenumsɯandɯshaftsɯtreatedɯwithɯaɯsoundɯabsorptiveɯmaterials,ɯ

¶ Treatmentɯofɯtheɯundersideɯofɯtheɯtunnelɯceilingɯwithɯsoundɯabsorptiveɯ
materialsɯforɯaɯminimumɯofɯ100ɯfeetɯeachɯsideɯofɯjetɯfanɯoutlets,ɯandɯ

¶ Soundɯabsorptiveɯtreatmentɯofɯtunnelɯwallsɯandɯceilingɯnearɯtunnelɯ
openings.ɯ

8.2  Construction Noise 
ConstructionɯofɯanyɯofɯtheɯBuildɯAlternativesɯwouldɯrequireɯsubstantialɯ
nighttimeɯconstructionɯactivities;ɯtherefore,ɯaɯnighttimeɯnoiseɯvarianceɯwouldɯ
beɯrequiredɯfromɯtheɯCityɯofɯSeattle.ɯɯBecauseɯofɯtheɯmagnitudeɯofɯtheɯproject,ɯ
aɯtechnicalɯnoiseɯvarianceɯwouldɯmostɯlikelyɯbeɯrequiredɯasɯdescribedɯinɯ
Chapterɯ6,ɯConstructionɯImpacts.ɯɯConstructionɯnoiseɯmitigationɯrequirementsɯ
wouldɯbeɯdevelopedɯinɯcoordinationɯwithɯtheɯCityɯandɯspecifiedɯinɯtheɯnoiseɯ
variance.ɯɯToɯreduceɯconstructionɯnoiseɯatɯnearbyɯreceptors,ɯmitigationɯ
measuresɯsuchɯasɯtheɯfollowingɯcouldɯbeɯincorporatedɯintoɯconstructionɯplans,ɯ
contractorɯspecifications,ɯandɯvarianceɯrequirements:ɯ

¶ Developɯaɯconstructionɯnoiseɯmanagementɯandɯmonitoringɯplanɯthatɯ
establishesɯspecificɯnoiseɯlevelsɯthatɯmayɯnotɯbeɯexceededɯbyɯtheɯ
contractorɯforɯvariousɯactivitiesɯduringɯspecificɯtimeɯperiods.ɯɯThisɯ
wouldɯestablishɯaɯsetɯofɯnoiseɯlimitsɯthatɯcouldɯbeɯmetɯbyɯtheɯcontractorɯ
whileɯstillɯprotectingɯtheɯpublicɯfromɯexcessiveɯnoiseɯimpacts.ɯ

¶ Crushingɯandɯrecyclingɯofɯconcreteɯoffɪsite,ɯawayɯfromɯnoiseɯsensitiveɯ
uses,ɯwouldɯdecreaseɯconstructionɯnoiseɯimpacts.ɯɯIfɯrecycledɯonɪsite,ɯ
anɯoperationsɯplanɯwouldɯbeɯrequiredɯtoɯdefineɯtheɯlocationsɯandɯ
hoursɯofɯoperations.ɯɯ
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¶ Constructɯtemporaryɯnoiseɯbarriersɯorɯcurtainsɯaroundɯstationaryɯ
equipmentɯandɯlongɪtermɯworkɯareasɯthatɯmustɯbeɯlocatedɯcloseɯtoɯ
residencesɯwouldɯdecreaseɯnoiseɯlevelsɯatɯnearbyɯsensitiveɯreceptors.ɯɯ
Thisɯcouldɯreduceɯequipmentɯnoiseɯbyɯ5ɯtoɯ10ɯdBA.ɯ

¶ Limitɯtheɯnoisiestɯconstructionɯactivitiesɯtoɯbetweenɯ7ɯa.m.ɯandɯ10ɯp.m.ɯ
onɯweekdaysɯandɯbetweenɯ9ɯa.m.ɯandɯ10ɯp.m.ɯonɯweekendsɯwouldɯ
reduceɯconstructionɯnoiseɯlevelsɯduringɯsensitiveɯnighttimeɯhours.ɯɯAɯ
noiseɯvarianceɯwouldɯbeɯrequiredɯfromɯtheɯCityɯofɯSeattleɯforɯ
constructionɯbetweenɯ10ɯp.m.ɯandɯ7ɯa.m.ɯonɯweekdaysɯandɯbetweenɯ
10ɯp.m.ɯandɯ9ɯa.m.ɯonɯweekends.ɯ

¶ Equipɯconstructionɯequipmentɯenginesɯwithɯadequateɯmufflers,ɯintakeɯ
silencers,ɯandɯengineɯenclosures;ɯthisɯcouldɯreduceɯtheirɯnoiseɯbyɯ5ɯtoɯ
10ɯdBAɯ(USEPAɯ1971).ɯ

¶ Useɯtheɯquietestɯequipmentɯavailable;ɯthisɯcouldɯreduceɯnoiseɯbyɯ5ɯtoɯ
10ɯdBA.ɯ

¶ RequireɯcontractorsɯtoɯuseɯOSHAɪapprovedɯambientɯsoundɪlevelɯ
sensingɯbackupɯalarms;ɯthisɯcouldɯreduceɯdisturbancesɯtoɯnearbyɯ
residentsɯfromɯbackupɯalarmsɯduringɯquieterɯperiods.ɯ

¶ Turnɯoffɯconstructionɯequipmentɯduringɯprolongedɯperiodsɯofɯnonɪuse;ɯ
thisɯcouldɯeliminateɯnoiseɯfromɯconstructionɯequipmentɯduringɯthoseɯ
periods.ɯɯ

¶ Requireɯcontractorsɯtoɯmaintainɯallɯequipmentɯandɯtrainɯtheirɯ
equipmentɯoperators;ɯthisɯcouldɯreduceɯnoiseɯlevelsɯandɯincreaseɯ
operationalɯefficiency.ɯɯOutɪofɪspecificationɯmufflersɯcanɯincreaseɯ
equipmentɯnoiseɯbyɯ10ɯtoɯ20ɯdBA.ɯ

¶ Whereɯpossible,ɯlocateɯstationaryɯequipmentɯawayɯfromɯsensitiveɯ
receivingɯproperties.ɯ

¶ Provideɯaɯ24ɪhourɯnoiseɯcomplaintɯline.ɯ

¶ Notifyɯnearbyɯresidentsɯpriorɯtoɯperiodsɯofɯintenseɯnighttimeɯ
construction.ɯ

¶ Whereɯamenable,ɯprovideɯheavyɯwindowɯcoveringsɯorɯotherɯ
temporaryɯsoundproofingɯmaterialɯonɯadjacentɯbuildingsɯforɯnighttimeɯ
noiseɪsensitiveɯlocationsɯwhereɯprolongedɯperiodsɯofɯintenseɯnighttimeɯ
constructionɯoccurs.ɯ
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8.3  Construction Vibration 
Impactɯpileɯdrivingɯwouldɯbeɯtheɯmostɯsignificantɯsourceɯofɯvibrationɯforɯthisɯ
project.ɯɯPotentialɯmeasuresɯtoɯreduceɯvibrationɯfromɯimpactɯpileɯdrivingɯthatɯ
canɯbeɯusedɯbyɯtheɯContractor,ɯwhenɯappropriateɯforɯspecificɯsiteɯconditions,ɯ
are:ɯ

¶ Jettingɯ–ɯTheɯuseɯofɯaɯmixtureɯofɯairɯandɯwaterɯpumperɯthroughɯaɯhighɪ
pressureɯnozzleɯtoɯerodeɯtheɯsoilɯadjacentɯtoɯtheɯpileɯtoɯfacilitateɯ
placementɯofɯtheɯpile.ɯ

¶ Predrillingɯ–ɯPredrillingɯaɯholeɯforɯaɯpileɯcanɯbeɯusedɯtoɯplaceɯtheɯpileɯatɯ
orɯnearɯitsɯdesignɯdepthɯeliminatingɯmostɯorɯallɯimpactɯdriving.ɯ

¶ Castɪinɪplaceɯorɯaugerɯpilesɯ–ɯEliminatesɯimpactɯdrivingɯandɯlimitsɯ
vibrationɯtoɯtheɯlowerɯlevelsɯgeneratedɯbyɯdrilling.ɯ

¶ Pileɯcushioningɯ–ɯAɯresilientɯmaterialɯplacedɯbetweenɯtheɯdrivingɯ
hammerɯandɯtheɯpile.ɯɯ

¶ Alternativeɯnonimpactɯdriversɯ–ɯSeveralɯtypesɯofɯproprietaryɯpileɪ
drivingɯsystemsɯhaveɯbeenɯdesignedɯspecificallyɯtoɯreduceɯtheɯimpactɪ
inducedɯvibrationɯbyɯusingɯtorqueɯandɯdownɪpressureɯorɯhydraulicɯ
staticɯloading.ɯɯTheseɯmethodsɯwouldɯbeɯexpectedɯtoɯsignificantlyɯ
reduceɯadverseɯvibrationɯeffectsɯfromɯpileɯplacement.ɯ

Vibrationɯfromɯotherɯconstructionɯactivitiesɯcanɯbeɯreducedɯbyɯeitherɯ
restrictingɯtheirɯoperationɯtoɯpreɪdeterminedɯdistancesɯfromɯhistoricɯstructuresɯ
orɯotherɯsensitiveɯreceivers,ɯorɯtheɯuseɯofɯalternativeɯequipmentɯorɯ
constructionɯmethods.ɯɯAnɯexampleɯwouldɯbeɯtheɯuseɯofɯsawsɯorɯrotaryɯrockɯ
cuttingɯheadsɯtoɯcutɯbridgeɯdecksɯorɯconcreteɯslabsɯinsteadɯofɯaɯhoeɯram.ɯ

TheɯContractorɯwouldɯbeɯrequiredɯtoɯmonitorɯvibrationɯatɯtheɯnearestɯhistoricɯ
structureɯorɯsensitiveɯreceiverɯtoɯtheɯconstructionɯactivities.ɯɯTheɯmonitoredɯ
dataɯwillɯbeɯcomparedɯtoɯtheɯproject’sɯvibrationɯcriteriaɯtoɯensureɯthatɯgroundɯ
vibrationɯlevelsɯdoɯnotɯexceedɯtheɯdamageɯriskɯcriteriaɯforɯhistoricɯandɯnonɪ
historicɯbuildings.ɯ

ɯ

ɯ
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Name/Title
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GinetteɯLalondeɯ
NoiseɯAnalysisɯLeadɯ

B.S.ɯ EnvironmentalɯEngineerɯ 5ɯyearsɯ

PatrickɯRomeroɯ
NoiseɯAnalysisɯ

M.S.ɯ EnvironmentalɯScientistɯ 6ɯyearsɯ

LawrenceɯSpurgeonɯ
NoiseɯandɯVibrationɯStudyɯAuthorɯ
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B.S.ɯ NoiseɯandɯVibrationɯ
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